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PEEF ACE 


In their investigations on the microbiological destruction 
of cellulose the writers have often felt the need of a com- 
prehensive account of the information available on this and 
the allied subjects of the microbiological changes occurring 
in hemicelluloses, pectin, and gums. 

In the present treatise an attempt has been made to lill 
this gap and to give at least a broad outline of the more 
essential literature already in existence. The treatise has 
been compiled from the point of view of the research worker 
who desires to know in what direction his efforts may most 
profitably be directed within tins important subject of the 
natural and artificial decomposition of vegetable tissues, 
which, as knowledge increases, acquires added theoretical 
and practical importance. 

In order to avoid misunderstanding it should be mentioned 
perhaps that tlio term micro-organisms has been adopted to 
designate all microscopic organisms whether they belong 
to the animal or to the vegetable kingdom, and that collo- 
quially the word ‘ bacteria ’ has been used for all the rod- 
shaped schizomycetes belonging to the eubacteriales. Where 
a distinction in the Latin nomenclature has been necessary 
among the bacteria, the system followed by Lehmann and 
Neumann and by Bergey has been adhered to and a spore- 
producing rod termed ‘Bacillus’, a non-spore-forming 
‘ Bacterium 

In placing their treatise before a wider public the writers 
wish to express their sincere thanks to Captain A. P. li. 
Desborough, C.B.E., KA., Superintendent of the Koyal Naval 
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Cordite Factory, for his constant and helpful interest in their 
work, and to acknowledge the valuable help rendered them 
by members of the staff of the Department of Scicntiiic 
Research of the Admiralty and of the Department of Scientiiic 
and Industrial Research. 

They are much indebted to Mr. J. Ramsbottom, 

M.A., of the British Museum (Natural History), for his 
valuable assistance in the nomenclature of some of the fungi, 
and to Mr. W, E. Bakes, M.Sc., of the Royal Naval Cordite 
Factory, for executing some of the illustrations. 

They also greatly appreciate the permission granted them 
by the Lords Commissioners of the Admiralty to publish their 
treatise. 

Holton Heath, 

September, 1925 . 
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PART ONE 


CELLULOSE, HEMICELLULOSES 
PECTIN AND GUMS 




CHAPTER I 


OCCURRENCE AND PROPERTIES 

Befori!] attempting to give an account of the microbiology 
of celluloae, hemicellulosea, pectin, and gums, it is necessary 
briefly to a. efer to the occurrence of tliese substances in nature 
and to give an outline of their chemical and physical pro- 
perties in so far as they have a bearing on the subject dealt 
witli in the following chapters. 

Gdhilme was first isolated by Payen^ in 1839 in an 
endeavour to purify the component parts of the cell walls 
of plants. After successive treatments of such tissues with 
solvents such as water, alcohol, acids, and alkalies, Payen 
obtained in every case a residue which on chemical analysis 
could bo sliown to contain the elements of carbon, hydrogen, 
and oxygen in the same proportions in which 'they are present 
in starch (GoPIjoOr,)^,. Pie termed this residual substance 
celluloae. In addition to ‘ pure resistant cellulose ’ Payen’s 
celluloae must have contained other compounds, notably hemi- 
celluloses, since' the account given by Dumas, Pelouze, and 
Brongniart of Payen’s work specifically mentions the peri- 
sperm of Phytelephaa macrocao'pa as an example of cellulose. 
Gilson appears to have been the first to limit the term 
cellulose to that resistant part of the cell wall which on 
hydrolysis breaks, down to form glucose. 

It is now known that among the plianerogams, cellulose 
constitutes from 30 to 60 per cent, of all lignified cell 
structures, and that in substances such as cotton-wool the 
cellulose represents about 90 per cent, of the total weight 
of the air-dry material. Among the lower plants cellulose 
is regularly met with in the tissues of ferns (Gilson 3). In 
the cell wall of the mosses it is probably present (Czapek^), 
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4 CELLULOSE, HEMIOELLULOSES, PECTIN, AND C-UMS 

and among the higher algae it has been repoi’ted piesent in 
the Floricleae and the Phaeophyceae by van Wisselingh ^ ^ Its 
presence in the tissues oi lower algae, fungi, and bacteiia is 
still problematical. If present, it is not as important in these 
cases as a cell structure as it is in the higher plants, and its 
functions have been largely taken over by hemicelluloses and 
chitinous substances. 

In exceptional cases it may be met with in the animal 
kingdom, where Schmidt ® isolated it from the mantle of the 
Tionicata. 

The hemicelluloses, which are perhaps even more wide- 
spread in plant tissues than cellulose, particularly among the 
lower plants, have been less thoroughly investigated tlum 
cellulose. They were first studied as a separate group by 
Schulze \ who found that the cell membranes of plants con- 
tain certain insoluble compounds, tlie hemicelluloses, which 
on boiling with weak sulphuric acid are i^eadily hydrolysed 
and converted into soluble carbohydrates, usually other than 
glucose. 

Schulze and his collaborators found hemicelluloses in the 
seeds of many plants, acting in this case as a reserve food. 
Other hemicelluloses were found in the lignified tissues of 
phanerogams, their function here being to strengthen the cell 
walls. The amount of hemicelluloses found in phanerogamous 
tissues varied very considerably. Schulze ** gives figures 
ranging from 3-36 per cent, to 50-83 per cent. No figures 
are available for the hemicellulose contents of ferns, mosses, 
algae, fungi, and bacteria. They are probably in no ease 
negligible and may in many cases be appreciable. 

The pectic substances of plant tissues, which in this volume 
are dealt with as a separate entity, though chemically speaking 
they may not be so, are less important quantitatively than 
the two former groups. Pectin occurs in all phanerogamous 
tissues as the main constituent of the middle lamella (Payen ”), 
and it is perhaps present with cellulose in the actual cell walls 
of certain fleshy roots. In turnips, for instance, the quantity 
of pectin present is stated to be about 18 per cent., in oranges 
26 per cent., and in apples 6 per cent. (Clayson, Norris, and 
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Schryver How far pectin occurs in the lower plants is not 
yet clear ; Czapek ^ regards its presence as probable. 

Under the name of gums a variety of substances have been 
described which differ considerably from one another both 
chemically and pliysiologically. Originally the name gum 
was applied to substances exuded by certain phanerogams, for 
instance, the Mimmaceae and the Amygdalacme^ after injury 
of their tissues. These exuded gums are not a normal con- 
stituent of tlie tissues but a decomposition product of the 
cell walls (Czapek and sometimes, for instance in the case 
of tragacantli gum, show traces of the normal cell structure 
(von Mold The suggestion has been put forward by several 
investigators, Prillieux and Delacroix Aderhold Greig 
Smith ''', and Groenewege that the exudation of gums of 
liigher plants is due to tlie infection of their tissues by micro- 
organisms. This view, however, has not been generally 
accepted (Ratluiy Sorauer some time ago suggested a 
new theory for their formation. Further information on this 
question may be found in text-books dealing with the micro- 
biology of plant diseases. 

The substances, carrageen obtained from the alga 
eri 82 '>U 8 , agar-agar from Qracilaria liGhnoldes, and wood gum 
from lignified phanerogams, do not belong hero, but to the 
hemieolluloses. 

Reference should, be made to another type of gum, the 
group of gum-resins which are mixtures of gums and aromatic 
compounds and are exuded by certain plants. As examples 
may be mentioned myrrh from Gomoniphora species, olibanum 
from species of BosiveUia, and asafoetida from Ferula narthex 
and Ferula foetida. Little is known either of the origin of 
these gum-resins (Czapek'’') or of their functions. The fact 
that they contain aromatic compounds possibly indicates that 
they act as protective substances. 

Turning to the chemistry of cellulose, liemicelluloses, pectin, 
and gums, it was mentioned that the lignified tissues of the 
higher plants contain from 30 per cent, to 50 per cent, of 
cellulose, Chemically pure cellulose does not occur in nature, 
but the seed hairs of Qossypium barbadense and allied species, 
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and the bast fibres of Linu'in usitatissimum contain as much 
as 90 per cent.- of pure cellulose in air-dried samples. 

Pure cellulose exhibits remarkable resistance to the action 
of chemicals and can be isolated from plant tissues only by 
the use of drastic chemical treatment. A description of the 
methods used for its isolation would hardly come witliin tlie 
scope of this inquiry ; readers interested in the subject are 
referred to existing text-books on paper manufacture. Nor 
is it possible to give a detailed account of the present position 
of the chemistry of cellulose and of the various views held of 
the chemical constitution of the cellulose molecule. It will be 
necessary, however, to touch upon some aspects of these 
problems, since they have an immediate bearing on subjects 
which will be dealt with in the following ch«}.pters. 

When cellulose is immersed in concentrated sulphuric acid 
it gelatinizes and gradually goes into solution (Braconnot 
and Ost and Wilckening The solution contains celluloso 
sulpho-esters which are decomposed on l:)oiling in dilute 
sulphuric acid, yielding large quantities of fermental)le carbo- 
hydrates. Up to 96'3 per cent, of the theoretical yield of 
glucose was obtained by Willstatter and Zeclimeister on 
dissolving cellulose in concentrated liydrocliloric acid con- 
taining 41 to 43 per cent, of hydrogen chloride. Hero, too, 
the cellulose gelatinizes when immersed in the acid ; suIjso- 
quently it dissolves to form a viscous liquid which after 
fifteen minutes’ standing changes to a thin fluid. With an 
acid containing 41-4 per cent, to 42 per cent, of hydrogen 
chloride 15 per cent, of cellulose may thus be dissolved. Irvine 
and Soiitar^^ have obtained similar yields. Both they and 
Monier- Williams isolated the product of hydrolysis and 

found it to consist of glucose only. The conclusion may 
therefore be drawn that cellulose is compo.sed entirely of 
glucose residues. 

The method described by Willstatter and Zeclimeister for 
the saccharification of cellulose has acquired coxiaiderable 
interest, as it forms a basis for the isolation of lignin from 
lignified plant tissues. On treating such tissues with an acid 
containing 42 per cent, of hydrogen chloride, the cellulose 
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is dissolved out while the lignin remains behind structurally 
unchanged. 

Another acid which dissolves cellulose and forms an ester 
with it is acetic acid in the anhydrous form and in tlio 
presence of sulphuric acid. By the action of acetic anhydride 
Franchimont first obtained the acetate of what appeared to 
be glucose, but which was found subsequently to be an acetate 
of a disaeeharide. Skraup and Skraup and Konig who 
investigated this substance, termed it cellose or cellobiose, and 
showed that it could be converted into glucose by hydrolysis 
with dilute acids. The yields of cellobiose obtained by these 
investigators were very small, but yields of 60 per cent., and 
more, of those theoretically possible, assuming cellulose to 
be composed entirely of cellobiose groups, are reported by 
Karrer 2". Pringsheim considers that the violent reaction 
necessary for the preparation of cellobiose is I’esponsible lor 
the low yields and is inclined to regard the cellulose molecule 
as built up entirely of cellobiose groups. Irvine and Hirst 
on the other hand, regard the cellulose molecule as composed 
of a trianhydroglucoso, a constitution which takes into account 
that a maximum of 60 per cent, of cellobiose is obtainable 
from cellulose. On the other hand, Plerzog’s^'’ X-ray apectro- 
graphic investigations of cellulose indicate that the group 
is regularly repeated in the cellulose molecule. 
The justification of Plerzog’s conclusions are denied by Hess, 
Weltzien, and Messrner who consider the basic unit of the 
cellulose molecule to be an anhydroglucose (CoHjoOs)!- Cello- 
biose, according to them, is not to be regarded as a decomposi- 
tion product of cellulose but as an autocondensation product 
of the basic anhydroglucose of the cellulose molecule. 

It has already been mentioned that the dissolution of 
cellulose in sulphuric and hydrochloric acid is preceded by 
the gelatinization of the carbohydrate, A gelatinization of 
cellulose can also be brought about by its treatment with 
other reagents such as strong alkali solutions, solutions of 
zinc chloride, and solutions of certain salts of thiocyanates 
(Williams The first reagent for the gelatinization and 
dissolution of cellulose was described by Schweizer^s^ 1857. 
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This reagent consists of a solution of cupric oxide in aqueous 
ammonia. Under the name of Schweizier’s reagent it is 
commonly used for dissolving cellulose. Fi'om solutions oi 
cellulose in cuprammonium, Gilson^ collected sphcrocrystals 
of cellulose, the first observation made that cellulose may 
occur in crystalline form. It is but comparatively recently 
(Herzog and Jancke that further information lias been 
forthcoming showing that cellulose occurs in nature in the 
form of crystals, and not as a colloid as had previously been 
generally assumed. In the ordinary way cellulose is precipi- 
tated from Schweizer’s reagent as a fine precipitate, a form 
in which it is frequently used in the microbiological teclmiciue 
for the isolation of cellulose-decomposing micro-organisms. 

Cellulose previously acted upon by strong solutions of 
sodium hydroxide is used in the viscose process for the 
preparation of artificial silk. Here carbon bisulphide reacts 
with the alkali-treated cellulose to form the sodium salt of 
the xanthogenic ester of cellulose which is soluble in water at 
ordinary temperatures (Cross and Bevan'*'^). The preparation 
of xanthate of cellulose has been utilized by Balls for tlio 
study of the development of the seed liairs of the cotton plant, 
and by Fleming and Thaysen and others for the study of 
the changes occurring in cellulose hairs and fibi’es after 
their exposure to destruction by micro-organisms or cliomical 
agents. 

LignoceUulose, the vasculose of Fremy "‘‘h does not give the 
usual reactions for cellulose, for instance tlie purple coloration 
with zinc chloride and iodine. Instead, it is coloured purple 
by a solution of phloroglucin in hydrochloric acid (Wie.sner 
quoted by von Hdhnel ^s). This reaction with phloroglucin 
has been ascribed to the presence of vanillin in the Hgnified 
cellulose, but was shown by Czapek to be due to the presence 
of another aldehyde, hadromal. Another reaction for ligno- 
cellulose is the yellow coloration produced by aniline salts 
(Wiesner, loc. cit.). LignoceUulose is regarded by Ci'oss and 
Sevan 39 as an ester of lignin and cellulose, that is as a 
chemical combination of these substances. Other woi'kers, 
notably WisHcenus ^^VKonig^, and Lehne and Schepmann«,’ 
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regard lignocelliiloae as an adsorption compound of cellulose 
with lignin and other encrusting substances. Wislicenua’s 
theory of the formation of lignified tissues is particularly 
interesting. He regards the primary cell walls of all plant 
tissues as built up of cellulose. On this substance the 
gradually growing colloidal molecules of lignin, hemicellu- 
loses and other encrusting compounds become deposited, owing 
to their increasing size and to the catalytic action of the cell 
wall. The adsorption theory of lignocellulose formation is 
supported by the fact that the cellulose of lignified tissues 
can be removed without interference with their structure, and 
that the lignin can be similarly eliminated, leaving a mould 
of the tissues consisting of cellulose. 

The chemical constitution of lignin is still unknown. Some 
authors, e. g. Klason and Schrauth favour the view that 
lignin possesses an aromatic structure, and Klason has found 
indications of the existence of two different compounds, an 
a-lignin and a /3-lignin, in the substance usually described as 
lignin ; they are stated to be present in almost equal quanti- 
ties. Willstatter and his collaborators''^® regard lignin as 
related to tlie carbohydrates, since the decomposition pro- 
ducts obtained from it on treatment witli hydriodic acid and 
phosphorus can also be obtained from xylan and cellulose by 
the same treatment. Dorfie in his survey of recent literature 
on the subject of tlie constitution of lignin expresses the view 
that its structure bears resemblance to that of cholesterol and 
phytosterol. The lignin used in the investigations referred to 
above was obtained either by treatment of wood with con- 
centrated hydrochloric acid or from the lignin obtained in 
the sulphite process of paper manufacture. Such lignin, how- 
ever, may have undergone changes during its preparation 
which may have affected its structure (Kiefenstahl ^'^). It 
would bo a problem of absorbing interest to determine 
whether tlie enzymatic resolution of the cellulose in lignified 
tissues could be so conducted as to yield a less damaged lignin 
molecule. 

Before leaving the subject of lignin it should be mentioned 
that Hagglund considers that lignin contains from 6-3 to 
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6-6 per cent, of chemically-bound pentosan. This view in 
contradicted by Heuser however, who contends that the 
pentosan content of lignin is far too variable for it to l)e 
chemically bound. 

Another substance to which a few lines must be devoted 
is suberin. This substance, which was first studied by 
Chevreul is found in the epidermis, bark, and corky sub- 
stances of plants. It has been shown to contain large per- 
centages of fatty acids, termed cerine by Chevreul. Gilson 
records as much as 44 per cent, of fatty substances in 
suberin. How far cellulose is also present has not yet 
been definitely proved. Zempldn reports that a substance 
is present which resembles cellulose, but which does not yield 
cellobiose octacetate. Pentosans have been reported present 
in suberin by Councler Should it be finally proved 
that cellulose forms a substantial part of the walls of cork 
cells, it might be justifiable to regard suberin as cellulose 
impregnated with various fatty substances, very much as 
lignocellulose may be regarded as cellulose encrusted with 
lignin. 

The hemicelluloses^ by which name certain cell-wall suli- 
stances are described, do not contain cellulose. It has already 
been mentioned that they may be completely converted into 
monoses, such as mannose, galactose, arabinose, or xylose. 
The hemicelluloses, therefore, are condensation products of 
these monoses. In the form of mannose and galactose con- 
densation products, that is as mannans and galactans, they 
occur in coniferous woods and in the seeds of many plants, 
for instance in the seed of the date palm Phoenios ikietylifem, 
and in that of Phytelephas macrocarpa, in the latter ease as 
‘ vegetable ivory The hemicelluloses which yield arabinose 
and xylose, and which are known as pentosans, usually serve 
as structural support for the cellulose in the cell walls. Xylan, 
particularly, is found in all lignified tissues in various quan- 
tities. On the decay of these tissues the pentosans may 
accumulate in the soil, where they are gradually broken down 
by certain micro-organisms. 

Hemicelluloses in the form of methyl pentosans occur in 
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small quantities in most lignified tissues (Sebelien quoted by 
Czapek ^). 

The chemistry of pec, tin is in many ways as obscure to-day as 
it was when this substance was first isolated by Braeonnot 
Its practical importance makes it necessary to touch upon 
some aspects of this subject. It can be regarded as proved 
that pectin occurs in considerable quantities in tlie cell walls 
of many fruits and fleshy roots. Tschirch «« and Rosenberg 
have demonstrated its presence in such tissues by a staining 
reaction, for instance with methylene blue or with ruthenium 
red, for which dyes pectin has a great affinity. With the 
same dyes pectin can be detected in the middle lamellae of all 
tissues and as a covering of intercellular cavities, Where it 
occurs between the individual fibres of flax it is very resistant 
to microbiological destruction. Stormer has suggested that 
it might be present in a lignified form in this case. 

Pectin, which most authors regard as insoluble, is sometimes 
described as proto-pectin (Tschircli and von Fellenberg 
and sometimes as pectinogen (Schryver and Haynes or 
pectose (Oarrd The proto-pectin is said to become soluble 
in the cell sap on the ripening of fruits, and it can be rendered 
solulile by prolonged boiling with water or alcohol or by 
treatment with dilute acids (Carre ”«), or with salts of acids 
wliich form insoluble calcium salts, such as ammonium oxa- 
late, ammonium tartrate, or sodium carbonate (Clayson, Norris, 
and Schryver’"). The soluble compound from ripe fruits is 
termed pectin by von Fellenberg'’’’’ and cytopectic acid by 
some English investigators. -Von Fellenberg’s pectin, which 
is neutral, is claimed to be the methyl ester of pectic acid. 
It is saponified by treatment with alkali in the cold and 
thereby yields methyl alcohol, amounting to some 10 per 
cent, of the total pectin or cytopectic acid. 

01 ay son, Norris, and Schryver’" deny that the methyl 
alcohol which may be obtained by the treatment of pectinogen 
with alkali in the cold has any relationship to pectin. Nor 
do they obtain such large quantities of methyl alcohol as 
von Fellenberg, but only 0-2 to 0-3 per cent, 

The pectic acid, or cytopectic acid of Clayson, Norris, and 


12 CELLULOSE, HEMIOELLULOSES, I^ECTIN, AND GUMS 

Scliryver, like von Fellenberg’s pectin, forma a colloidal aolu- 
tion with water and may be precipitated aa a gel from thia 
solution by the addition of alcohol. It can be precipitated 
also by the addition of N/10 Na(OH}, subsequent neutraliza- 
tion with acetic acid, and the addition of calcium chloride. 
Carre and Haynes regard the precipitate thus formed as 
the calcium salt of pectic acid and liave evolved a method for 
the quantitative determination of pectin on the basis of tliese 
observations. 

More recently a paper has been published by Tutin in 
which it is maintained that the insoluble proto-pectin or 
pectinogen is identical with the soluble pectin or cytopectic acid. 
The reason for the apparent insolubility of the pectin of unripe 
fruits, and presumably of other tissues containing proto-pectin, 
is ascribed by Tutin to the fact that the tissues containing 
the proto-pectin do not allow sufficient water to permeate for 
the solution of this sparingly soluble substance, Tutin finds 
that where the tissues are thoroughly disintegrated, practically 
all the proto-pectin present can be dissolved in cold distilled 
water. The process of solution is very slow, however, and 
Carrd who disputes the validity of Tutin’s conclusions, 
ascribes the gradual solution of the proto-pectin oliserved 
by Tutin to its slow conversion to soluble pectin tlirough 
hydrolysis. 

The constitution of the pectin molecule is far from clear. 
Von Fellenberg^^ Ehrlich”'*, and otliors have obtained a pen- 
tosan, an araban, from proto-pectin, ddiis araban, according 
to Ehrlich, does not form part of the pectin molecule, which 
he regards as the calcium magnesium salt of pectic acid, an 
anhydro - arabino - galacto - methoxy - tetra - galaeturonic aci( 1 
with which one group of araban is admixed oi.* loosely held. 
The analysis of cytopectic acid by Schryver and his col- 
laborators shows carbon, hydrogen, and oxygen in proportions 
indicating the presence in the molecule of two hexose groups 
and one pentose group. These authors express the view tliat 
cytopectic acid is present in plant tissues in chemical com- 
bimtion with cellulose, but do not support this statement 
experimentally. 
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In an interesting study of the changes occurring in pectin 
during retting, Correns comes to the conclusion that proto- 
pectin is a fully saturated methoxyl ester of pectic acid. As 
the retting progresses this ester is saponified and the liberated 
carboxyl groups are immediately saturated with calcium. 

On hydrolysis with dilute acids, the plant gums yield 
decomposition products whicli in many respects resemble 
those obtained from pectin. Tlius arabinose, a pentose, is 
constantly found, while galactose, a hexose, is produced in 
even larger quantities. In addition, compounds of an acid 
nature are obtained. 

Some gums, such, as gum arabic, readily form colloidal 
solutions with water, while others, such as tragacanth, absorb 
water and swell without going into solution. In the case of 
the latter typo it is necessary to add an alkali, such as 
sodium hydroxide, to render them soluble. The gums which 
are soluble in water usually show a slightly acid reaction. 
They may be precipitated from their solution by alcohol. 
Schweizer’s reagent does not dissolve gums to any appreciable 
extent and they give no blue coloration with iodine. 
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CHAPTER II 


IMPORTANCE OF MICROBIOLOGICAL ASPECT 

It may be of interest to consider the problem of the disposal 
of the„sRrplus vegetation of the world, and for this purpose to 
visualize it not in terms of wood or desiccated leaves, Imt 
as units of the elements of carbon, oxygen, and hydrogen, 
of which all vegetation is primarily composed. From these 
elements, in the form of carbon dioxide and water, the living 
plant cell builds up the bulk of all vegetable tissues, and it is 
to carbon dioxide and water that the dead vegetation must 
again be converted if the balance of nature is to bo maintained, 
and life to be protected against extinction through the accumu- 
lation of vegetable debris. The dead vegetation of the world 
might, of course, be converted into carbon dioxide and water 
by burning it, but its accumulated energy can be turned 
to better account and is, in fact, being far more economically 
utilized in the natural proees.ses of decay, which, like burning, 
result in its complete combustion. 

To take the case of cellulose itself, under natural conditions 
it breaks down into intermediate soluble compounds still of 
a carbohydrate nature, which in turn may bo converted into 
organic acids such as acetic and butyric acids. The inter- 
mediate decomposition products may assist in the fixation 
of atmospheric nitrogen and in the accumulation of nitrogen 
in the soil in a form in which it can be utilized by the 
higher plants for the synthesis of proteins. In otlier cases 
cellulosic materials in the form of lignocellulose may be 
converted into compounds— the humic substances, which in 
addition to other valuable properties possess the faculty of 
retaining moisture tenaciously. 

Empirically these facts had been established by the earliest 
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agriculturists, and they are embodied in the advice given by 
Vii'gil to the Roman farmers in the first book of his Georgies. 
But throughout the Middle Ages and up to the last decades of 
the past century, so long as the belief in spontaneous genera- 
tion still held sway even among the greatest men of science, 
fe conception of the agencies responsible for the decomposition 

of the dead vegetation remained obscure. That nature 
possesses, in fermentation and putrefaction, powerful means 
for the removal of dead animal and vegetable debris appears 
fii'st to have been perceived by lleiset h In 1856, in a com- 
munication to the Academy of France, lie suggested that 
a study of the gases evolved during the rotting of a manure 
heap might throw light on the reactions by whicli nature 
j disposes of dead organic matter. 

f Reisot’s suggestions seem to have been taken up by several 

investigators during the following two decades, a period which 
witnessed the final overthrow of the theory of spontaneous 
generation and saw the dawn of a new and brilliant era for 
the biological sciences, owing primarily to the researches of 
- ' Louis Pasteur. As one of the investigators following Reiset’a 

I leadjQ-.ay.qn ^ in 1884 established that there are t^yo different 

!• types of fermentation going on in the manure heap, one of 

which proceeds in the presence, and the other in the absence 
of air (oxygen). With access of air, carbon dioxide is stated to 
be tlie only gas evolved. During the aerobic fermentation 
a considerable rise in the temperature of the heap occurs, 
temperatures as high as 712° C. being reached. In the absence 
of air the heap gives off methane, and its temperature remains 
more or less stationary. Gayon also states that he succeeded 
in isolating the agent of this methane fermentation in the 
shape of a small micro-organism which he found to be capable 
of fermenting cellulose. 

During the same year, and slightly anticipating Gayon, 
Deh^rain'* gave an account of his investigations into the 
reactions taking place in the manure heap. These investiga- 
tions convinced liim that two different ferments (micro- 
organisms) were active in the anaerobic decomposition of the 
heap, and that these ferments were introduced into the heap 
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with faecal matter from the animals concerned. He also noted 
that the temperature of the heap rises only in the presence 
of oxygen, but did not attribute this rise to the action of 
micro-organisms. Four years later he reported that a lai'ge 
proportion of the cellulose, as well as of the vaseulose (ligno- 
cellulose) of the heap, became decomposed as a result of 
the fermentations, while the nitrogen compounds were con- 
verted into ammonia and free nitrogen, the latter escaping into 
the air. 

These observations on the breakdown of cellulose and its 
associated substances were anticipated by others, one of which 
dates from the year 1850. In this year Mitscherlich reported 
that a ferment * may be prepared by steeping potato slices in 
water kept at a reasonably high temperature, about 30° (,l 
This ferment is capable of disintegrating furtlier potato slices 
immersed in it, in such a way as to dissolve the walls of 
the individual cells and set free the starch granules contained 
in the cells. This cellulose-dissolving action, according to 
Mitscherlich, was not due to the presence of fungi in the 
ferment, but possibly to a vibrio, a rod-sliapod micro-organism, 
of which he observed great numbers in the ferment. 

. During an attempt to isolate the laticiferous cells of certain 
plants, TrdcuH, in 1865, observed and investigated micro- 
organisms which we now know to have been similar to, if not 
identical with, the vibrio of Mitschorlicli. .In tlie liquid in 
which Tudcul digested his latex- carrying tissues he observed 
three types of microscopic rod-shaped bodies which he termed 
Amylobaoter, Glostridium, and U'rocephal'um respectively, and 
which he regarded as having arisen in the liquids through 
spontaneous generation. It was not until about twelve years 
later that the real nature of these bodies was elucidated by 
van Tieghem who showed them to be stages in the life-cycle 
of a rod-shaped micro-organism which he termed Amylohmier, 
and which he later showed was responsible for the decom- 
position of the cellulose of the cell walls of potatoes, and 
therefore identical with the vibrio observed by Mitscherlich. 
Van Tieghem also saw in AmylohactQT the active agent of the 

* Mitscherlioli evidently meant a culture of micro-organisms. 
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retting of tlie flax stem, and he emphasized that, though it is 
to be regarded as a cellulose-decomposing type, it does not 
attack tlie bast fibres of the flax plant. In spite of this 
contradiction, which cannot be regarded as surprising, in view 
of the state of the chemistry of cellulose at that time, Amylo- 
bacter, for many years after, was regarded as one of the most 
impox'tant micro-organisms in existence for the decomposition 
of cellulose. 

A third line of research into the natural decomposition 
of cellulose and its associated substances was initiated in 1875 
by Popofl®, who investigated the causes of the natural evolu- 
tion of methane in stagnant ponds. He found that methane 
is produced from cellulose and its related substances, such 
as gums, deposited at the bottom of ponds, and that a methane 
fermentation could be artificially started if a flask filled with 
water and substances containing cellulose were inoculated with 
mud. The methane evolved during the resulting fermentation 
was sometimes found to be mixed with small amounts of 
hydrogen. In 1883 IToppe-Seyler ’’ reported on his investiga- 
tions in the same field. He was the first to use Swedish filter 
paper, a resistant type of cellulose, as a source of this sub- 
stance in his experiments, and from these investigations dates 
a proper definition of the term ' cellulose fermentation 
Until then, any of the component parts of the vegetable cell 
wall, whetlier cellulose proper, hemicelluloses, or pectin, had 
been regarded as cellulose, a state of affairs not conducive to 
the elucidation of the rather complex reactions involved in 
the natural decay of vegetable matter. Hoppe-Seyler's inves- 
tigations, which will be discussed in some of the subsequent 
chapters, confirmed that hydrogen may be present with the 
methane given off* during the fermentation of cellulose. 

Two further lines of research have still to be mentioned by 
which the study of the natural decomposition of cellulose 
and its associated substances was taken in hand. In 1883 
Tappeiner gave an account of his researches int o th e dis- 
appearance of cellulose in the intestine of herbivorous animals. 
These researches led him 'to the conclusion that the statements, 
sometimes found in the literature, that the mucous membi'anes 
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of the intestines of herbivorous aninaals produce a cellulose- 
resolving enzyme, are erroneous and that the lesolution of the 
cellulose in this, as in other cases investigated, is the work of 
micro-organisms. He also pointed out that cellulose may be 
decomposed through two different fermentations, in one of 
which, the methane fermentation, the cellulose yields methane, 
while in the other, the hydrogen fermentation, it is largely 
converted into hydrogen. Whether these two fermentations 
are caused by the same ferment (micro-organism) under vary- 
ing conditions of growth, or whether two different ferments 
exist, Tappeiner was unable to decide. Both fermentations 
may proceed at the same time, a fact which explains wliy 
methane naturally or artifically produced from cellulose often 
contains hydrogen mixed with it. 

A fifth line of research into the natural decay of eellulosic 
materials was initiated in 1886 by de Bary who reported 
that lie had collected an extract from the mycelium of a 
fungus, a Botrytis species, with which he could dissolve the 
cell wall of plants. His observations were confirmed by 
Marshall Ward in 1888, and more convincingly by Behrens 
in 1898. Since the date of Behrens’s investigations, wduch 
were carried out with Swedish filter paper as a source of cellu- 
lose, doubt no longer exists as to the property of fungi of 
decomposing cellulose, and an insight has been gained into'^the 
important role performed by fungi in the natural disposal 
of surplus vegetable matter. 

Thus, in five different directions the question of the natural 
disposal of surplus vegetable matter was followed up during 
the last decades of the past century, and the exploration of 
each of these lines of investigation has proved essential for an 
appreciation of the immense importance of micro-organisms in 
maintaining the equilibrium of the cai'bon supply of nature. 

Before proceeding to give a detailed account of the various 
micro-organisms which are active in the decomposition of 
vegetable tissues, the methods by which they are capable of 
acting remain to be indicated. It was mentioned in Chapter I 
that the decomposition of cellulose, hemicelluloses, pectin, and 
gums by mineral acids resulted in the formation of monoses, 
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either hexoses or pentoses. These reactions are collectively 
called hydrolysis, because the elements of water are introduced 
into the molecule of the hydrolysed substances. An hydrolysis 
resulting in the formation of monoses is also generally assumed 
to be the first step in the action of micro-organisms on cellulose 
and its associated substances, but whereas hydrolysis by chemical 
means requires the expenditure of considerable energy in the 
form of heat, as well as the presence of an acid, microbiological 
hydrolysis takes place at ordinary temperatures and at what is, 
practically speaking, a neutral reaction. The apparent facility 
with which micro-organisms carry out the hydrolysis of 
cellulose and the other substances with which it occurs in 
nature is due to the production by the organism of enssymes. 
The cellulose-dissolving enzyme which was first described by 
known to-day under the name cellulase or cytase. 
Its action was studied in some detail by vouT Euler who 
obtained it from the hyphae of the dry-rot fungus llerulms 
lacrymcms. He treated the mycelium of this fungus with 
water, and obtained an extract containing the enzyme. When 
this was allowed to act on cellulose dextrins the enzymo 
produced from them reducing sugars, the nature of which, how- 
ever, was not determined by von Euler. The cellulose dextrins 
used by him were prepared from filter paper by dissolving it 
in 70 per cent, sulphuric acid, removal of the sulphuric acid 
radicals of the cellulose sulpho-estera by the addition of barium 
hydroxide, and dialysis of the filtrate to eliminate any reducing 
substances present in the filtrate. Evidence of the nature 
of the reducing sugars formed by cellulase from cellulose was 
obtained by Pringsheim This evidence will be discussed in 
greater detail in Chapter VIII. Here it suffices to mention 
that cellobiose was obtained by Pringsheim as a soluble 
decomposition product of cellulose, and that this in turn broke 
down and yielded glucose. 

The first observations made on a ^eciwi-hydrolysing en- 
zyme were made by Bourquelot and Hdrissey” in 1898. 
This enzyme pectinase was obtained from malt by extrac- 
tion with water. How far this is identical with the pectin- 
dissolving enzyme pectosinase described by Beijerinck and 
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van Delden^^ is not clear. According to the latter in- 
vestigators pectosinasd' is the enzyme by which the retting 
bacteria, the Amylohacter of Tr^cul and van Tieghem, dissolve 
the middle lamellae of the cells of the flax stem. By the 
action of this enzyme pectin is hydrolysed to arabinose 
and galactose, which are the same carbohydrates as those 
obtained from pectin by chemical hydrolysis. Since a large 
number of bacteria, as well as of fungi, are able to resolve the 
middle lamellae of plant tissues, it is probable that pectosinase 
is frequently produced by micro-organisms. 

That micro-organisms hydrolyse hemicelluloses by means of 
enzymes is reported by Sawamura in tlie case of raannans, 
galactans, and arabans, and by Gran ’ ® in the case of gelose, the 
carbohydrate present in agar-agar. The decomposition pro- 
ducts as far as determined in these cases arc identical with 
those yielded by the same hemicelluloses through chemical 
hydrolysis. The same undoubtedly holds good also for the 
microbiological decomposition of those hemicelluloses which 
have not yet been investigated. 

In the decomposition of lignocellulose (wood) by certain 
fungi it is often observed (von Tubeuf^") that the cellulose 
remains more or less undecomposed. In such cases the lignin 
has probably been removed by a specific enzyme of which 
little, however, is so far known. 

A further investigation of all these enzymes responsible for 
the hydrolysis of cellulose and its associated substances would 
be of considerable interest. To most people these enzymes are 
little more than names, and no definite opinion can be expressed 
at present as to the extent of their relationship. That a certain 
difference exists is unquestionable, since the pectosinase of the 
Amylobacter group, for example, is unable to hydrolyse agar- 
agar. On the other hand, a relationship between, for instance, 
cellulase and pectosinase is suggested by the fact that the 
enzyme produced by the cellulose-decomposing bacteria inves- 
tigated by Omelianski has been found capable of dissolving 
both the pectin and the cellulose of the flax stem. 

An alternative, of course, would be to assume the presence 
in the Omelianski bacteria, as well as in many other cellulose- 
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decomposing micro-organisms, of both a cellulase and a pecto- 
sinase. In either case, however, existing conception rests on 
the unsafe foundation of mere assumption, a fact which 
emphasizes the need for further investigations. 

Cellulose, hemicelluloses, pectin, and gums, once converted 
into soluble carbohydrates, become a most valuable source 
of energy, not only for the micro-organisms responsible for 
their hydrolysis, but also for a very large number of other types 
unable to attack the mother substances. The natural decom- 
position of vegetable debris, therefore, results in a great 
complexity of reactions, some of which will be discussed in 
greater detail in the following chapters. 
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PART TWO 


THE TYPES OF MICRO-ORGANISMS ASSOCIATED 
WITH THE DECOMPOSITION OF CELLULOSE 
PIEMICELLULOSES, PECTIN, AND GUMS 



CHAPTER III 


THE SOHIZOMYCETES 

In considering the micro-organisms responsible for the 
natural decay of vegetable debris through the destruction 
of cellulose, hemicelluloses, pectin, or gums, a summary of 
the systematic grouping will first be given. The first class 
to be mentioned in this connexion is that of the myxomycetes, 
which has been included here because these organisms are 
frequently met with on rotting wood, manure, and other 
decaying vegetable matter. It is extremely problematic, how- 
ever, whether the myxomycetes take any part in the decom- 
position of cellulose and its associated substances. Existing 
knowledge of their physiology rather indicates that they are 
parasites living on the fungi and bacteria responsible for the 
natural decay of vegetable debris, and not saprophytes which 
decompose decaying plant tissues. For the purpose of this 
volume a detailed discussion of the myxomycetes may therefore 
be omitted. Headers interested in this group are referred to 
existing botanical text-books, and to Lister’s Qmde to the 
British Myeetozoa exhibited in the Department of Botany, 
British Museum {Natural History), 3rd edition. 

Proceeding from the less to the more complicated forms, the 
next class of micro-organisms found on decaying vegetation is 
that of the schizomyeetes. That this class is active in the 
natural decay of plant tissues has been definitely established, 
and a detailed discussion of the schizomycetes concerned will 
therefore be given. 
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Following the usual botanical grouping the next class to be 
considered are the fungi, or eumycetes. Here almost every 
order and family contains representatives which decompose 
either cellulose (including lignocellulose),hemicellulosoa, pectin, 
or gums, and directly or indirectly all fungi, with few excep- 
tions, take a part in the natural decomposition of the world’s 
vegetation, either as parasites or as saprophytes. In view of 
the enormous number of existing fungi, a detailed description 
of all the species of this class cannot be given. The account 
will be limited to those saprophytic genera which have been 
recorded by investigators as being associated with the break- 
down of cellulose, hemicelluloses, pectin, and gums. 

That the class following the fungi, the algae, may liave 
a bearing on the natural decay of vegetable matter, through 
the decomposition of cellulose or its associated compounds, has 
not been overlooked. With our present knowledge of the 
physiology of this group it is hardly justifiable, however, 
to include the organisms of this class in the discussion which 
follows. The account, therefore, remains limited to the 
schizomycetes, including such forms as SpivoGhcwta 
(Hutchinson and Clayton ^), and MierospiTtt ag(Lr-liquGfaiyi6n8 
(Gray and Chalmers ^), of which at least the former might be 
regarded by some writers as a protozoon, and to the eumycetes, 
the latter with the reservations made above. 

In the usual subdivision of the schizomycetes, the AcMno- 
mycetaceae, or ray fungi, are included as a family in the 
order of the Eubacteriales. This classification will not be 
followed here, however, as recent researches by 0rskov •' have 
made it more probable than ever that the actinomycetes do 
not belong to the schizomycetes. Since their properties also 
differ in many respects from those of the eumycetes, it has 
been thought advisable to treat the ray fungi as a separate 
class under the name of the actinomycetes.' The micro- 
organisms to be .considered in the following pages therefore , 
comprise three classes, the schizomycetes, the actinomycetes, 
and the eumycetes. , . " 
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THE SCHIZOMYCETp^ u ^ 

The schizomycetes are divided into two;;orders, the Euhcw- 
teriales and the Myxohacteriales, of which tfierfoi^^ 
the more important. 


Oeder I. The Eubacteriales. 

Omitting the actiiiomycetes,the J?u6aci5(3?’'iaZ(3s may be divided 
into five families : (1) the Goccaoeae ; (2) the Bacteriaceae ; 
(3) tlie Bpirillaceae ; (4) the PhycobaGteriaceae {Ghlamyclo- 
hacAerkume) ; and (5) the ThiohaGteriaceae (BeggiatoaGeae), Of 
these, the two last-named families may be excluded from 
the discussion as they obtain the energy necessary for their 
life functions by the oxidation of ferrous salts and of sulphur 
respectively. It is with the first three families, therefore, that 
the following account will deal. No attempt has been made to 
arrange the various species described in their appropriate 
families, since such a grouping would give but a vague idea 
of the complexity of the process of natural decomposition of 
vegetable debris. In order to focus attention on the manifold 
I'eactions by which the natural decay of cellulose, hemicelluloses, 
pectin, and gums is accomplished by the bacteria, they have 
been subdivided on a physiological basis, In the first place, 
the organisms have l)een divided into two main groups, the 
mesophi lie ''forms, active up to a temperature of 45° C., and 
the thermophilic forms, which develop at temperatures up 
to 70^0, and have an optimum temperature for growth at 50 to 
60° C. Each of these groups has been subdivided into three 
further groups, the obligatory aerobes, the facultative anaerobes, 
and the obligatory anaerobes. The two latter have each been 
subdivided again into two groups, of which one contains the 
forms which decompose the vegetable debris with the evolution 
of free nitrogen from nitrates or nitrites, and the othw the 
forms which carry out the decomposition of the carbohydrates 
.without denitrification.* ^ 

si The obligatory aerobes, as well as the ijon-denitrifying 
facultative and obligatory anaerobes, have been divided into 

* By denitrification is hero meant only sucli reduction of nitrates and 
other nitrdgen compounds as r<i, suits in the evolution of’free nitrogen. 
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sub-groups according to their ability to cany out the decom- 
position of the carbohydrates in question simultaneously witli 
the fixation of atmospheric nitrogen, or in the absence of 
nitrogen fixation. 

The above grouping may be summarized as set out in the 
accompanying table : 


EUBAOTEKIALES 


A. The Mesophilio Bacteria. 


(«) Objigatory 
aerobes 


1. Nitrogen-fixing typos 
• 2. Types -wliich do not fix 
atmospheric nitrogen 


(6) Facultative 
anaerobes 


Denitrifying types 
Types which do not liber- 
ate atmospheric nitro- 
gen 


'a, Nitrog('u-fixing typos 
■ 0. Types which do not fix 
atmospheric nitrogen 


(c) Obligatory 
anaerobes 


1 1. Denitrifying types 
2. Types which do not liber- 
ate atmospheric nitro- 
gen 


a. Nitrogen-fixing types 
0. Types which do not fix 
atmospheric nitrogen 


B. The Thermophiiio Bacteria. 


(a) Obligatory 
aerobes 


(6) Facultative 
anaerobes 


(c) Obligatory 
anaerobes 


^1. Nitrogen-fixing types 
j 2, Types which do not fix 
( atmospheric nitrogen 

n. Denitrifying types 

1 2. Types which do not liber- fa. Nitrogen-fixing types 
1 ate atmospheric nitre- <0. Typos’ which do not fix 

I gen ( atmospheric nitrogen 


1 1. Denitrifying types 
2. Typeswhich do not liber- 
ate atmosiiheric nitro- 
gen 


a. Nitrogen-fixing typos 
0. Typos which do not fix 
atmosi)horio nitrogen 


To complete this classification it should be added that, 
theoretically speaking, each of the sixteen groups should 
include representatives which utilize either gums, pectin, 
hemicehuloses, or cellulose as a source of carbohydrate, and 
others which decompose more than one or possibly all of 
the above substances indiscriminately. 

It will thus be seen that the activity of the BuhacteriaUs 
may be extraordinarily varied. The grouping suggested 
emphasizes one of the main difficulties which has to be 
encountered in the study of the natural decay of vegetable 
matter by these micro-organisms. Another of these difficulties, 
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that of isolating the responsible forms in pure culture, is still 
a very real one, and is the cause of the lack of existing reliable 
intormation regarding many of the micro-organisms in these 
groups. 

Though the principle was adopted, in compiling a description 
of the micro-organisms discussed in this chapter, of not describ- 
ing types which had not been studied in pure culture, this 
decision had to be overruled in many instances, particularly 
in the case of the bacteria, where as often as not pure cultures 
are still unknown. 

The Gum-decomposing Bacteria, 

Bacteria which utilize gums as a source of carbohydrates 
arc but scantily represented in existing literature. Only three 
available papers deal, (juite superficially, with these micro- 
organisms. 

In the first of these, Stocks ^ reports on the occurrence 
of black patches, containing bacterial spores, in tragaaol 
gum. When such discoloured gum is left in a reasonably 
warm place and in the presence of water, several types of 
bacteria develop, the predominating type being a spore- forming 
rod with terminal spores. A non-spore-forming rod and a 
diplococcus may also bo observed. Attempts were made to 
isolate the three types, but they could not be made to develop 
on ordinary laboratory media. One or all of them decompose 
the gum with the production of acid. This acid dissolves 
particles of iron from the machinery used in the preparation 
of the gum, and the soluble iron salts thus formed interact 
with the tannins of the gum, producing the black patches 
referred to. 

Recently Greig Smith ^ has reported that a certain thermo- 
philic micro-organism obtained from fermenting tan bark, but 
of which no description is given, can ferment the gum exuded 
by species of AmcyUi. 

Voskressensky ", who studied the digestibility of cherry-tree 
gum, found that it is slightly attacked by bacteria living in 
the intestine of edible snails, The nature of these bacteria is 
not disclosed by him. 
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That bacteria which utilize guniB as their only source of 
carbohydrate are widely distributed in nature can be proved 
experimentally by incubating solutions of gum arabic or of 
gum tragacanth in shallow containers at 20° C., preferably 
after inoculation of the solutions with soil. After two or 
three days’ incubation the solutions become turbid and increas- 
ingly acid, indicating a breakdown of the gums. On examina- 
tion the solutions are found to contain both spore-forming and 
non-spore-forming bacteria, the latter often resembling the 
types described under the name of Bad. herhieola a wiireimi. 

Similarly, when the gum solutions are kept in deeper con- 
tainers, both facultative and obligatory anaerobes are found to 
develop, including both denitrifying types and forms which do 
not liberate atmospheric nitrogen. Of the nature of these 
bacteria nothing is known at present, and a detailed investiga- 
tion of this group has still to be undertaken. Hitherto, the 
natural decomposition of gums has generally been attributed 
to the cellulose-decomposing bacteria. Thus Popod”^ reported 
as early as 1875 that an organized ferment existed in mud and 
sewage deposits which converted both gums and cellulose into 
methane, Omelianski in his classical studies of the fermenta- 
tion of cellulose, found that gum arabic was a better source of 
carbohydrate for his cellulose decomposers than the cellulose 
itself, and remarks that the addition of this gum to a cellulose 
fermentation, which had become stagnant, revived the evolution 
of gas. 

The Pectin-decomposing Bacteria. 

(A) The mesophilic, pectin-decomposing bacteria. 

(a) The mesophilic, aerobic forms. The misconception of the 
real nature of pectin in the early days of the history of cellulose 
research, and the considerable industrial importance of the 
removal of pectin from plants yielding textile fibres, have both 
been important factors in the elucidation of this group of 
bacteria. 

The mesophilic types, developing at temperatures up to 
45° C., include typical aerobic forms related to, or identical 
with, Bac. mesentericuSf (Ehrenberg) Cohn, and Bao. vulgatua, 
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(Fliigge) Migula, which, in 1902, were shown by van Hall ^ to 
cause a white rot of potatoes and of Jerusalem artichoke 
tubers. That the Bac. mesenteo'icus group is capable of dissolv- 
ing the middle lamellae of the flax stem has been confirmed 
by Beijerinck and van Delden^'^. 

To the aerobic pectin decomposers also belong some of the 
many plant-pathogenic bacteria, of which the first was studied 
by Heinz in 1889 under the name of Bact. hyaointhi septicum. 
These plant-pathogenic forms are short non-spore-forming rods 
approximately 0*8 yu broad by 2 to 3 long. In most of their 
biocliemical reactions they resemble the Bact. finoresoens group 
or those Bact. coli forms which are regularly found in grass 
and hay. They gain access to their host through wounds 
or through the stomata of the epidermis, and dissolve the 
middle lamellae of the parenchymatous tissues. On micro- 
scopical examination of the host the bacteria are found in 
large numbers between the cells. They do not, however, 
penetrate into the cell, which shows that they are incapable of 
decomposing the cellulose layer of the cell wall. For a detailed 
description of this important group, which has been carefully 
investigated by Smith and others, reference should be made 
to text- books on plant pathology. 

Many authorities also include in the aerobic pectin decom- 
posers the two important spore-forming rods Bac. asterospoTus^ 
Meyer and Bac, comcsil, Rossi two closely related species, 
of which the latter has recently been utilized industrially in 
Italy, France, and Germany for the retting of flax and hemp. 
Beijerinck and den Dooren de Jong regard these spore-form- 
ing rods, as well as some other pectin-dissolving forms, as 
facultative anaerobes, since they are capable of living anaero- 
bically in the presence of suitable carbohydrates. Those authors 
group them in one species under the name of Bac. polymyxa. 

Bac. asterosporus, (Meyer) Migula, is a motile rod, measuring 1 
to 1'2 /X by 3 to 6 /A, with large oval spores formed eccentrically or 
terminally, and showing marked longitudinal ludges, which make 
them appear star-shaped in optical cross-section. The species 
liquefies gelatine and forms small, slightly raised, transparent, 
yellowish, and concentric colonies on agar. In broth it produces 
uniform turbidity, and on potato slices it forms a thiclc, slimy 
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coating which discolours the potato yellowish-brown. It lernrents 
dextrose with the evolution of gas and the production of acid. It 
forms traces of sulphuretted hydrogen. Starch is hydrolysed and 
indol not produced. Bac. asterosporus is stated to lix atmospheric 
nitrogen, and might, therefore, be placed in a group by itself. 

Bac. macerans, Schardinger which was found ns an accidental 
infection in fractionally sterilized j)otato mash, is stated by its 
discoverer to be related to Bac. astcfosporus. It has also been 
isolated from a retting pond in Langenfeld. 

Bac. comesii, Eossi“, forms oval spores which have no markings 
and which do not cause a swelling of the mother cell in forming. 
In its general characteristics it resembles Bac, mesentericus. 

(6) The mesopliilic, facultative anaerobic forms. To this 
group belong the bulk of the above-mentioned plant-pathogenic 
micro-organisms of the Bact. fiuorescem iypa (Brooks, Nain, 
and Rhodes and the following spore-forming bacteria : 
Bac. Iegumi7hip)erdus , deaevihed by von Oven as the cause of 
a destructive disease of young pea pods ; Bac. malakofaciem, 
isolated by von Wahl from tinned carrots ; Bac. violaccm 
acetonicus, isolated by Brdaudat from drinking-water in 
Saigon ; Bac. oleac, obtained by Schiif-Giorgini from tuber- 
cules of the olive tree ; and probably Bac. macemm, isolated 
by Sehardinger and referred to above. 

Bac. malalcofaciens, von Wahl, measures 0-7 g, by 2-7 g,, is motile, 
and forms spores measuring 0-7 to 0*8 g, by l/x. Two spores are 
frequently present in each cell. The vegetative cell is slightly 
motile. In its general characteristics Bac. malalcofaciens is stated 
to resemble Bac. asterosporus. 

Bac. violaoeus acetonicus, Br6audat, measures Ijx by is 
motile, and forms spherical central spores measuring 0-8 yw, to 1 /i. 
It produces purple colonies on agar, when grown aerobically in the 
presence of peptone. From various carbohydrates it produces 
acetone and ethyl alcohol in addition to volatile acids. 

In addition to the above, five facultative anaerobes capable 
of decomposing pectin were described by Kayser and Delaval 
in 1930. 

They are all short, non-spore-forming, motile rods of the ‘ grass 
coli’ type, measuring 0-5 to 0-6 ya by 1-8 to 2-0 /x. Their further 
characteristics, so far as information is available from Kayser and 
Delaval’s account, are as follows : 

Strain J, isolated from a flax infusion, forms yellowisli, trans- 
parent, and slightly slimy colonies on the ordinary laboratory 
media, and peptonizes milk. 
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Strain II, obttiined from a hemp maceration, forms similar 
colonies, but produces a small quantity of gas when fermenting 
sugars. Milk is curdled without peptonization, indicating the 
production of acid on the decomposition of lactose. 

Strain Til, isolated Irom a maceration of ramie, shows similar 
colonies to those oi Strain II, coagulates and peptonizes milk. 

Strain JK, found m a jute maceration, appears to give the same 
reactions as Strain II, 

Straiii V, tfom a hemp maceration, forms greyish colonies on 
agar which are transparent and somewhat slimy, like those of the 
other types. Milk is peptonized without being curdled. 

All the strains ferment monoses and disacchaiides, the 
former more readily than the latter. Pectin is decomposed 
by all of them, and most completely by Strain II, which 
converts 56-7 per cent, of the pentoses contained in the 
pectin. 

A further anaerobic pectin decomposer, isolated by Kayser 
and Delay al, is described as follows : 


Ihe vegetative cells measure 1-3 to 1-7 /i, by 5*1 to 8-6 u. The 
spores are round and terminal, and are sometimes formed at both 
ends of a rod. The rod is motile. Gelatine is liquefied. The 
colonies on agar are whitish and somewhat slimy. Growth is 
sparse on potato, but abundant on carrot and beet. 


None of the mesophilic, facultative anaerobic types is able 
to liberate atmosplicric nitrogen, and none is known to fix 
atmospheric nitrogen, witli the possible exception of JBac, 
malahofaci&m. 

A short bacillus was obtained from the intestine of the hen 
by Distaso^«, and was described by him under the name 
BcwiUus GeU'ulosae desagregans. As its discoverer himself 
it is more likely to bo a pectin decomposer than 
a ferinenter of cellulose, since it develops well on peas, and 
limits its action on cellulose (filter paper) to a reduction of the 
coherence of the mass of fibres. 


It is stated to be a short rod with straight ends forming terminal 
to sub-terminal spores. It liquefies gelatine, has no action on 
milk, and does not form indol. Glucose is slightly decomposed, 
while others of the more common sugars are not. Starch, how- 
ever, IS hydrolysed. Its colonies on agar are small, transparent, 
with smooth edges, and resemble those of pathogenic streptococci. 

D % 


36 MICEO-OEGANISMS ASSOCIATED WITH DECOMPOSITION 

(c) The mesophilic, obligatory anaerobic forms. The 

obligatory anaerobic pectin decomposers are perhaps the most 
interesting of all the pectin-fermenting bacteria. Xhey aio 
widely distributed in nature and are found in soils wheiovei 
plant tissues decay. At one time they were regarded as the 
micro-organisms responsible for the natural breakdown of 
cellulose, and as such they were originally introduced into 
the microbiological literature in 1850 by Mitsclierlieh He 
found that potato slices, left to rot in water at suitable tem- 
peratures, formed an active ferment by means of winch the 
starch of the potato cells could be liberated. A similar 
‘ ferment ’ was studied by Trecul in 1865, and the rods 
observed in it were named by him Amylohacter, lfroc 62 )halu 7 n, 
and Clostridium, names which have since become firmly estab- 
lished in the technical nomenclature. Fourteen years later 
van Tieghem undertook a careful study of Trdcul’s micro- 
organisms, and found that they were stages in the life-cycle 
of one single type, which he termed Bug. cmylohaatar. This 
type he regarded as the typical cellulose fermenter, and found 
it to be identical with Vihrion hutyrique, Pasteur ITai;- 
mowski who investigated Bac. amylohacter at the same 
time, disagreed with van Tieghem in regarding it as a cellulose 
decomposer. Instead, he described two other types, GlostH- 
dium polymyxa and Vihrion rugula, as the principal cellulose 
decomposers. 

Clostridium p)olymyxa was found to be particularly active 
in preparations of cooked potato and of lupine seed. From the 
description given of this type it may safely be regarded as 
a pectin decomposer pure and simple. It is considered by 
Beijerinck and den Dooren de Jong^'’ to belong to this group 
and is included by them in their species Bac. polymyxa. 

Vihrion rugula, which is no more a vibrio tluin Pasteur’s 
Vihrion hutyrique, forms terminal spores, is motile, and measures 
up to 8 /z in length. According to Lehmann and Neumann’*'* 
it resembles Bac. oedematis maligni in its characteristics. It 
should probably be regarded as a pectin decomposer and not, 
as McBeth and Scales would prefer, as a type very similar to 
the cellulose decomposers isolated by Omeliansld 
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During the lasfc decade of the past century a large number of 
types related to Bao. amylobaeter, van Tieghem, were isolated 
from the retting liquor of flax and hemp, and from decaying 
parenchymatous tissues of roots and tubers such as potatoes. 
At least one of them, Olostridium Pasteurianum, Wino- 
gradsky was definitely shown to be incapable of decomposing 
cellulose in the form of filter paper. All of these types, 
whether described as GlostTidium PastewlanuTti, Wino- 
gradsky*'’; Plectrldiumpectinovoruon, Slormer'*'^; or Cfranulo- 
bacter pectinovorum, Beijerinck and van Delden i", were 
regarded by Bredemann »'■' as one species and grouped by him 
under the name of Bac. amylobacter, A. Meyer and Bredemann. 
1 hough this grouping may disregard some of the finer details 
of the reactions of these forms, such, for instance, as the 
proportions of alcohols produced by them in the fermentation 
of carbohydrates, it is substantially correct, and will be adhered 
to in the following description of the type (see also Fig. 1). 

Bac. amylobacter, A. Meyer and Bredemann, is a motile rod, 
measuring 1 to 1'6/x in width and 3 to 6 in length. It forms 
large spores which are placed either in the centre of the mother 
cell, giving it a spindle form {Clostridium), or towards one end, 
when the mother cell becomes club-shaped [Pleciridium). It 
usually forms a reserve substance known as amylose, which may 
be stained blue or deep purple with iodine. 

Bac. amylobactcT ferments pectin as well as many carbo- 
hydrates, including starch and pentoses. By this fermentation 
the carbohydrate molecule is broken down into acetic and 
butyric acids, with larger or smaller quantities of butyl 
alcohol, ethyl alcohol, acetone, and traces of other fatty 
acids. During the fermentation appreciable quantities of 
hydrogen and carbon dioxide are liberated. Some of the 
species belonging to Bac. amylobacter produce tryptic enzymes 
and consequently liquefy gelatine, and all are capable of fixing 
atmospheric nitrogen when grown in media free from, or with 
only traces of, organic or inorganic nitrogen. Even in the 
most favourable circumstances the growth of Bac. amylobacter 
on ordinary solid laboratory media is indifferent and special 
methods are usually required for its isolation. 
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Stofraer recommends a preliminary cultivation in a medium 
composed of 0-2 to 0-5 per cent, pectin, 0-5 per cent peptone, 0-1 
per cent, potassium di-hydrogen phosphate, and 0-0^5 per cent, 
magnesium sulphate, dissolved in water and with calcium carbon- 
ate added to neutralize any acid formed during the development 
of the bacillus. Before each fresh inoculation into this medium 
the culture is pasteurized to suppress all non-spore-forming types. 
After four to five sub-cultures in this medium the crude culture ot 
the bacillus may be grown as colonies and isolated in pure cultiue 
on a medium prepared from fresh pea seedlings (0'2 pel cent.), 
macerated with water and containing in addition 1 per cent, 
glucose, 0-26 per cent, asparagin, and 10 per cent.^ gelatine, the 
reaction of the medium being adjusted, preferably with malic acid, 
to a pH of 6-5 to 6-0, at which point blue litmus changes to 
slight purple, 


The writers have tried this method and found it no better 
than the other media suggested for the isolation of Ikic, (Wiylih 
hacter, which must continue to rank as one of the most difficult 
types to isolate in pure culture. A certain amount of success 
maybe obtained when using ordinary wort agar under anaerobic 
conditions. 

With Bac. amylobaoter may, perhaps, be grouped Baa. 
felsineus isolated by Carbone on which further inf ormation 
will be given in the description of the various retting pro- 
cesses, and Pectinohacter amylopliilum,, Makrinov which is 
claimed by its discoverer to be incapable of fixing atmospheric 
nitrogen. Otherwise it appears from the description given to 
resemble amylobacter. 

Among the obligatory anaerobic pectin decomposers none 
is known which liberates atmospheric nitrogen. 


(B) The thermophilic, pectin-decomposing bacteria. 

This group is entirely unexplored and existing literature 
contains no reference to such forms. 

The HeMTOELLULOSE-DECOMPOSING BACTERtA. 

The information available regarding the decomposition of 
hemicelluloses by bacteria is scanty, and a subdivision of the 
few known types on the basis of the system suggested on 
page 30 would be of little value. 
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In 1902 Gran described a marine bacterium, Bad. (jelati- 
(mm, which is capable of dissolving gelose, the hemicellulose 
present in agar-agar. This is a short, mesophilic, and faculta- 
tively anaerobic rod, whicli is actively motile and measures 
0-6 y by 2 to 3 y. Gran distinguishes three types of this 
organism: type a, var. genuina, with transparent pinkish 
colonies; type /?, var. in&rgica, with transparent dirty- white 
or yellowish colonies ; and type y, var. hergensis, with colonies 
similar in appearance to those of variety Of the three 
types, Bad. gelaticAim, var. inergica, produces the largest 
amount of gelase and much diastase. Bad. gelaticum, var. 
hergensis, produces much diastase, but little gelase. Bad. 
gelaticum, var. genuina, produces little of either enzyme. 

Gran obtained these organisms from sea water, and recommended 
the following as the most reliable method of isolating agar-resolv- 
ing bacteria. A piece of a Bloridcae alga is boiled up in sea water 
and allowed to cool. To this decoction is added a fragment of 
& Morideac alga, and the liquid is incubated at 20° C. After 24 
hours, the gelase-producing bacteria are sufficiently developed to 
be isolated on an agar medium composed as follows: sodium 
chlorides per cent., di-jDotassium hydrogen phosphate 0-1 per cent., 
ammonium chloride O'l per cent., and agar sufficient to solidify 
(i. e. about 1-6 per cent.). 

The appearance of the liquefied zone around the agar-resolving 
colonies which form on this medium is not always very distinct. 
For this reason Gran recommends the treatment of the medium 
on which colonies have appeared with a fairly strong solution of 
potassium iodide. That part of the medium which has remained 
unaffected by the gelase assumes a purplish-blue colour, while the 
resolved zones remain colourless. 

Two further gelose- decomposing bacteria, both of which 
are mesophilic and facultatively anaerobic, have been described, 
one by I’anek'’*’ in 1905 and the other by Biernacki in 1911. 
They were termed Bad. hetae viscosum and Bad. Nencldi 
respectively. 

Bacterium hetae viscostm, Panelc. When grown on media which 
are free from sugar it develops as very short I’ods of from 0-6 to 
0-8 IX by 1 fi, with rounded or sometimes pointed ends. They may 
occur in long or short chains. On stretching, before its division 
into two daughter cells, the mother cell shows a lighter central 
zone at the place where division finally occurs. When grown in 
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media containing sugar, notably saccharose, the cells are longer 
and not infrequently club-shaped. In or on such media a lai’ge 
amount of mucilage is formed. On ordinary gelatine the colonies 
do not exceed a diameter of 0*5 mm. They are golden-yellow 
and finely granulated. On ordinary agar they are a more greyish- 
yellow. On gelatine containing glucose or saccharose the growth 
is luxuriant, and after a few days’ incubation the circular colonies 
reach a diameter of from 1 to 2 mms. More characteristic still is 
the growth on agar containing these sugars, where the originally 
circular colonies gradually coalesce and form flat to concave 
mucilaginous colonies of a diameter of from 0-5 to I'O cm. The 
liquefaction of the agar is particulaidy noticeable when the organism 
is grown on slopes. Here the medium may gradually become so 
soft that it sinks to the bottom of the tube. On beet juice gelatine, 
where the development is as vigorous as, or even more vigorous 
than, the growth on sugar-containing agar, tlie formation of muci- 
lage is particularly noticeable, and the colonies may be pulled out 
in long strands. The optimum temperature for growth lies 
between 18 and 22° C, At 87° 0. very little growth occurs. The 
organism produces appreciable quantities of acetic and lactic acids 
as well as dextran and mannite from a number of sugars, particu- 
larly from saccharose. 

Bacterium Nenchii, Biernacki, was obtained from a sa*mple of dried 
Spanish Malaga grapes. It is a short rod measuring 0*8 /x by 
1’26 to 2 jjL. Grown in gi’ape juice, the rods are very short, 
almost ooecoid. On potato the cells may reach a length of 6 /x. 
It is facultatively anaerobic and non-motile. In an unstained 
preparation it shows the presence of a capsule. On gelatine the 
colonies are yellowish-white and granular. The addition of from 
2 to 5 per cent, of glucose to the medium favours the growth, and 
renders the colonies not only larger but also slightly mucilaginous. 
The gelatine is not liquefied. On agar plates incubated at 86 to 
38° C. the organism grows well, forming greyish-white, mucila- 
ginous, and finely granular colonies reaching 3 mms. in diameter. 
The addition of glucose and saccharose, as well as of lactic acid, 
favours the growth. A slight fruity odour is noticeable in such 
plates. A liquefaction of the agar occurs. Gas is evolved when 
the organism is grown anaerobically or, sugar-containing media. 
The growth on glycerine potato slices is abundant and creamy. 
Litmus glucose broth and milk become acidified and have 
a pleasant odour. 

In 1924 Aoi ^^ obtained a pure culture of a particularly 
vigorous agar-decomposing bacterium. He isolated this type 
from manure prepared from rice straw, and from soil obtained 
in the neighbourhood of his laboratory, where it occurred in 
association with cellulose-decomposing bacteria. This organism, 
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which is unnaBied, does not develop on ordinary laboratory 
media, but grows well on cellulose agar as recommended by 
Kellerman and his collaborators 

The organism measures 0-7 by 2 to 3 yu, and is curved, tapering 
at the ends. Aoi expresses the view that it is a vibrio. In old 
cultures it may reach 10 or more in length. Stained by Ldtiler’s 
method the young cells show one polar flagellum. On cellulose 
agar the colonies become visible after three days’ incubation at 
26° C. ^ They are white, glistening, and circular. The agar shows 
infundibuli(bi-m liquefaction. On slopes the growth gradually 
becomes straw-coloured, and the liquefied agar accumulates at 
the bottom of the tube. It shows marked Fehling-reducing 
properties. 

Among the bacteria which decompose gelose might also be 
placed the recently described Microspira agar-liquefaciens, 
Gray and Chalmers^, of which details will be given in the 
description of the cellulose-decomposing bacteria. 

In addition to these types which decompose the compara- 
tively unimportant hemieellulose of agar-agar, others have 
been studied which break down the hemieellulose of vegetable 
ivory. To obtain such types Pringsheim^® placed shavings 
of vegetable ivory in water to which ammonium nitrate 
(50 grammes per litre) had been added as a source of 
nitrogen, and calcium carbonate as a neutralizing agent to 
remove any acid formed during the decomposition of the 
hemieellulose. The microflora which developed on incubation 
was not studied in detail, but it was established that the 
vegetable ivory broke down and yielded organic acids. 

That the mannan, araban, and galactan in the mucilage 
produced by Hydrangea panimlata, used in Japan for 
paper sizing purposes, can be decomposed by bacteria was 
pointed out by Sawamura The most active organism was 
found to bo £ac. vulgatua, (Fliigge) Migul'a, syn. Bae. graveo- 
lens, Gottheil. Bact prodigioswm, Lehmann and Neumann, 
also appeared to contain traces of the requisite enzymes. 

The information available on the bacterial decomposition 
of the pentosan xylan, sometimes described as wood gum, is 
more extensive. The first observations were made by Dupont 
who describes a thermotolerant bacillus, Bac. mesentericus 
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Tuher, whieli decomposes the xylan present in the sti'aw oi tlie 
manure heap. In its general characteri.stics tin's organism is 
identical with Bac. mesentericus, Fltigge, but it develops 
slowly at ordinary temperatures. At 50° C. its growth is 
much accelerated and it rapidly forms an abundant wi ink led 
dirty rose-coloured layer on potatoes. 

Another aerobic soil bacillus, JBcic. EllcyihctcJicnsis, Stutzei, 
was found by Stoklasa'*'^ to decompose xylan. Phis type was 
regarded as synonymous with Bac. MGgcbtli&TVMYh by btoklasa, 
but is placed in another genus by Lehmann and Neuniann ■* , 

A breakdown of xylan in the large intestine oi: the guinea 
pig was observed by Seillibre acetic and butyric acids being 
formed as decomposition products in the proportion of nine 
parts of the former to one part of the latter. '!Llio responsible 
bacteria in this case may have been related to the pentose- 
fermenting bacteria studied by Fred, Peterson, and Davenport'” 
under the name of Ldctohdcillus pentodoeticMS, which are 
claimed to be able slowly to decompose xylan. 

Since Ldctohdcillus pentodcet'icus does not form endospores, 
as might be implied from the name given to it by its dis- 
coverers, it will be referred to in this volume as BaGteriuTti 
IdctipentodceticuL'm (see also Peterson and Fred'"'). 

It is a rod measuring 0-6 to 0*7 /x by LG to Up-. Grown on 
yeast-water agar at 30° 0., its smooth uncbavacteristic colonies 
reach a diameter of 1 mm. in three days. On ordinary agar 
growth is slower. Gelatine is not liquefied. It fei’ments glucose, 
galactose, and mannose with the formation of lactic acid, ethyl 
alcohol, and acetic acid, and with the evolution of carbon dioxide. 
The acetic acid is probably not a direct fermentation product, but 
the result of a secondary fermentation of the lactic acid. Xylose 
is fermented without measurable gas evolution, the same decom» 
position products being obtained. Milk remains uncluuiged, and 
nitrates are not reduced. Nevertheless, methylene blue is reduced, 
indicating the presence of at least one type of reductase. Tim 
optimum temperatui’e for growth lies between 30 and 35° 0. ; the 
thermal death-point of the organism between 55 and (50° 0. 
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Thk Oellulose-droomposing Bacteria. 

A. (a) Mesopliilic aerobic forms. 

1. Nitrogen-fixing types. No bacteria which oxidize cellu- 
lose to obtain energy for the fixation of atmospheric nitrogen 
have yet been described. Pringsheim has shown, however, 
that certain free-living nitrogen-fixing micro-organisms can 
utilize cellobiose, the intermediate decomposition product of 
cellulose, for this purpose. Pringsheim’s further observation, 
that sufficient cellobiose to satisfy the energy requirements 
OX nitrogen-fixmg micro-organisms is formed by cellulose 
decomposers, is of the greatest interest. It shows that the 
natural disposal of dead vegetable matter is to be regarded 
not merely as a removal from the surface of the earth of 
unnecessary or perhaps even harmful detritus, but’ also as 
a natural means of enriching the soil in nitrogen by rendering 
possible a symbiotic development of these two micro-organisms. 

2. Types which do not fix atmospheric nitrogen. The 
first micro-organism, belonging to this group was described 
by van Iterson, jr.^^, in 1903 under the name of JBac. ferru- 
gineus, or Bact. ferrugiTieum by the nomenclature followed 
in this volume, a rather unfortunate name since it had 
already been allotted by Rullmann to another rod, isolated 
from water, which does not decompose cellulose. Van 
Iterson s organism is stated to be a slender, vigorously 
motile non-spore-forming rod, the dimensions of which are 
not given. It is found in the mud of ditches, in garden soil, 
humus, and on dry leaves. 

It may be obtained by placing in a glass dish two pieces of 
filter paper, ^ between which some powdered ammonium magnesium 
phosphate is sprinkled, and moistening the paper with a O-OS per 
cent, solution of di-potassium hydrogen phosphate. The filter 
paper is then infected with one of the above substances, and the 
dishes incubated at about 28° 0. 

After four to five days’ incubation yellowish-brown spots 
appear on the paper. In these places the paper gradually 
becomes decomposed and slimy, and on microscopical examina- 
tion shows sevex’al types of micro-organisms, among which 
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two types predominate, the above-mentioned Baci.ferTWjindm^^ 
and a large coccus. In the later stages of the decomposition 
the remnants of the fibres are enveloped in a mucilaginous 
mass of the micrococci. Van Iterson ascribes the actual 
decomposition of the cellulose to Bact. ferrugmeum and 
regards the coccus as an organism living in symbiosis with 
the rod and assisting it in the cellulose decomposition, though 
unable by itself to break down this carbohydrate. 

Eecent investigations by Hutchinson and Clayton^ have 
thrown fresh light on van Iterson’s observations, and it is 
highly probable that Bact. feTTuginou^ and its accompanying 
coccus are identical with BpiTOoliCLotOj cytopluigti) Hutchinson 
and Clayton. 

This interesting organism, of which a photomicrograph is 
shown in Fig. 2, was isolated during an investigation of the 
aerobic cellulose decomposition of Rothamsted soils. 

Quantities of 1 grm. of these soils were placed in 800-c.cs. 
Erlenmeyer flasks, containing 100 c.cs. of a mineral salt solution 
of the following composition : potassium di-hydrogen phosphate 
0-1 per cent., calcium chloride 0-01 per cent., crystalline magnesium 
sulphate 0-03. per cent., sodium chloride O-Ol per cent., ferric 
chloride (PeiCle) O-OOl per cent., and sodium nitrate 0-26 per cent. 

The hydrogen-ion concentration of the solution was adjusted 
to about neutral point by the addition of the requisite amount 
of sodium hydroxide. Before sterilization 1 grm. of filter 
paper was placed in each flask in such a way as to remain partly 
above and partly below the surface of the liquid. 

After sterilization the flasks with the above medium were 
inoculated with soil and incubated at 25° C. for from four to 
six days, after which time the paper became discoloured a 
yellowish-brown at, or just above, the surface of the licpiid. 
On further incubation the paper lost its consistency and 
became slimy at the discoloured patches, which were found 
on . microscopical examination to contain numeroim slender 
rods and large cocci. After many unsuccessful attempts at 
separating the rod and the coccus, Hutchinson and Clayton 
succeeded in obtaining what appeared to be a pure culture of 
the rod by adopting the classical dilution method utilized by 
Lister for the isolation of Bact. laotis acidi. From this culture 



THE SCHIZOMYOETES 


45 


of the rod, which under the microscope showed absolutely no 
coccus forms, high dilutions were immediately made and used 
to inoculate fresh media. The cultures appearing in the fresh 
media were found, however, after incubation for souie days, 
to contain both rods and cocci. Since the inoculant used 
could certainly not have contained anything like the number 
of cocci required to leave even one coccus in the amount of 
suspension (one-forty millionth of a cubic centimetre) used for 
starting the second set of cultures in which the coccus re- 
appeared, liutchinson and Clayton rightly concluded that the 
coccus is a phase of the life-cycle of the rod. Though the 
rod, or thread form, reproduces itself by fission, like all other 
schizomycetes, it shows marked diflferences from this class of 
micro-organisms, and Hutchinson and Clayton regard it as 
approaching more closely to the BpiroohaetaGeae. For this 
reason they named their cellulose decomposer Bpirochaeta 
cytophaga. 

Ill yoiuig cultures, Bpirochaeta cytophaga shows a predominancG 
of rods or threads, measuring 0>3 to 04 /i by about 3 ji, tapering 
towards the ends, and frequently curved. Although no flagella 
can be observed on the thread it nevertheless shows a marked, 
though slow, movement of a rotatory nature. It possesses perfect 
flexibility, and therefore often becomes S-, 0-, or U-shaped. As 
a culture becomes older the coccus form, or ‘ sporoid stage 
becomes more frequent. The sporoid measures l-b/x. in diameter 
and is comparatively easily stained, whereas the thread form does 
not take stains well. Boiling carbol fuchsin is the most satis- 
factory stain to be applied. 

That the sporoid is not to be regarded as a spore in the 
usual sense of the term is shown by the fact that the sporoid 
is as readily destroyed by heat as the thread, an exposure to 
60° C. for ten minutes being sufficient to destroy both forms. 
Preceding the sporoid stage the thread form becomes granu- 
lated. One such thread with the central granule will be 
observed in Fig. 3, in the place marked by a cross. 

In old cultures, after two or three weeks’ cultivation, the 
bacterial mass surrounding the decayed and decaying fibres 
appears to consist entirely of the sporoid stage. This probably 
was the phase observed by van Iterson and described by him 
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as a ' micrococcus mucilage The mucilage produced in such 
older cultures is suggested by Hutchinson and Clayton as 
being similar to pectin. This, however, would not appear to 
be the case, since the mucilage yields no reducing sugars on 
hydrolysis with mineral acids. 

A further point to which Hutchinson and Clayton draw 
attention in their description of this organism could not bo 
confirmed by experiments carried out by the winters. It is 
claimed that normal development of the organism takes place 
in media with an acidity or alkalinity between N/3()0 HCl 
and N/160 NaOH, figures which correspond approximately to 
pH values of 3 and 10 respectively. This, as Hutchinson and 
Clayton point out, is a somewliat remarkable range. In 
experiments carried out to confirm this, the writers got good 
growth after four days’ incubation at 38° C. on a strip of 
filter paper immersed in the mineral salt solution recom- 
mended, when the pH was adjusted between 6*94 and 7-01. 
At a pH of 6-64 the growth was markedly slower, and at 
a pH of 6-10 no growth took place at all; nor could the 
organism be induced to develop at a pH of 9- 13. 

Sinrochaeta cytophagam stated to thrive best in the absence 
of organic nitrogen. Peptone for instance has an inhibitory 
action on the growth of the organisms in concentrations 
above 0’35 per cent. As a source of carbohydrates only 
cellulose is utilized, and others are not only unsuitable but in 
many cases actually harmful. This is the case with the 
reducing sugars, dextrose, maltose, and probably collobiose. 
Spirochaeta cytophaga is therefore to be regarded as an iierobic 
cellulose decomposer excellence. 

In addition to pigment and mucilage, Spirochaeta cytophaga 
produces organic acids from cellulose. Tlie nature of tlieae 
acids has not been determined. Calculating them as l:)utyric 
acid, they amounted to about 7 to 9 per cent, of the original 
cellulose taken. 

A type undoubtedly identical with Bpirochaeta cytophaga 
was obtained by von Gescher®^ in 1933. The deductions as 
to the need for symbiotic conditions during cellulose decom- 
position, which were made by this author from the fact tliat 
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both rods and cocci were present in his cultures, show that at 
the time of writing he could not have been aware of the work 
of the English investigators. 

Prior to the publication of Hutchinson and Clayton’s 
investigations on S2)lrochaeta cytophaga, Kellerinan, McBeth, 
and others as well as MeBeth and Scales had described 
a large number of aerobic bacteria which they claimed were 
capable of decomposing cellulose. Among these were three 
types, Bac. rossims, Bac. amylulyticus, and Baot. flavigenum, 
obtained from the cultures of Omelianski’s anaerobic me- 
thane- and hydrogen-producing cellulose decomposers. 


For the isolation of these and other forms the American authors, 
in the first instance, made .use of a mineral salt solution of the 
following composition ; 

Di-potassium hydrogen phosphate . . 0-1 per cent. 

Magnesium sulphate (crystalline) . .0-1 „ ,, 

Sodium chloride 0-1 „ „ 

Ammonium sulphate .... 0-2 ,, ,, 

Calcium carbonate 2-0 „ , ,, 

Tap water. 

Peptone may be substituted for ammonium sulphate. 


100 c.os. of this solution wei’e poured into a 200-c.c8. Erlen- 
meyer flask in which a single sheet of filter paper, 10 cms. in 
diameter, was so placed as to be just covered by the solution. 


The flasks thus prepared were sterilized in the usual way, 
inoculated with a very small quantity of the substance to be 
examined, and incul)ated at 30° C. The first signs of fermen- 
tation in this medium were the clouding of the .solution 
followed by a dull and frayed appearance of the paper. 
These changes occurred after five to ten days’ incubation. 
A small quantity of the attacked paper was at this stage 
removed to a control flask containing a small piece of sterile 
paper suspended in the mineral salt solution. If on agitation 
the paper from the inoculated flask broke up more readily 
than that of the control paper, the time had come for the 
inoculation of another flask, containing filter paper and 
mineral salt solution, with a piece of the attacked paper. 
After three or four transfers, carried out at the shortest 
possible intervals, the attacked paper was placed in a flask 
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with, sterile water and shaken vigorously until the paper was 
completely broken up. From this suspension dilutions were 
prepared in the ordinary way for the isolation of pure 
cultures on one of the four types of agar described below. 
During incubation at 30° C. it was found most important to 
maintain the plates in a moist chamber to prevent the drying 
up of the surface of the agar. The colonies of the organism 
responsible for the disintegration of the paper developed* 
slowly and the incubation had sometimes to be, continued 
for three weeks or longer. The chief characteristic of these 
cellulose-decomposing forms was that they produced clear 
zones in the cellulose agar around the colonies. This is 
illustrated in Fig. 3. 

The special agar media used by the American workers are 
prepared in the following manner : 

Cellulose agar. To one litre of diluted ammonium hydroxide 
solution, containing 10 parts of ammonium hydroxide, sp. gr. 0-900, 
to 3 parts of water, is added a slight excess of copper carbonate. 
The mixture is shaken vigorously and allowed to stand overnight, 
After standing, the supernatant solution of cuprammonium is 
poured off, and in this is dissolved 15 grins, of unwashed sheet 
filter paper. This solution is diluted to 10 litres, and the cellulose 
precipitated by slowly acidifying the solution with dilute hydro- 
chloric acid (20 per cent.). The liquid is now diluted to 20 litres, 
left for the cellulose to settle, and then decanted from the pre- 
cipitated cellulose. This is washed with several changes of water, 
containing hydrochloric acid, until the washings are free from 
copper, and then with distilled water until free from hydrochloric 
acid. The cellulose precipitate is again allowed to settle for 
several days and is finally made up to a 1 per cent, suspension. 
To 500 c.cs. of this suspension are added 10 grms. of agar-agar 
and 500 c.cs. of the mineral salt solution already described. 

Starch agar. 10 grms. of potato starch are suspended in 800 c.cs. 
of water in the cold, and the suspension boiled and stirred until it 
is reduced in volume to 600 c.cs. To this solution are added 
10 grms. of agar-agar and 500 c.cs. of mineral salt solution as 
above. 

Potato agar. To 100 grms, of mashed potatoes are added 
800 c.cs. of tap water. The mixture is steamed for 80 minutes 
and then filtered through cotton-wool. To 600 c.cs. of this 
filtered liquid are added 15 grms. of agar-agar and 600 c.cs. of 
mineral salt solution as above. 

Dextrose agar. 10 grms. of dextrose and 16 grms. of agar-agar 
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are dissolved in 600 c.cs. of tap water, and this solution mixed 
with 600 c.cs. of mineral salt solution as described. 

The method described above for the isolation of cellulose- 
decomposing bacteria has also been tried by Ldhnis and 
Lochhead who confiiin that colonies such as described by 
Kellerm.an and his collaborators may be obtained in this way, 
and that the clear zones on the plates round the colonies are 
not due to a resolution of the calcium carbonate present in 
the medium, as suggested by Omelianski Lohnis and 
Lochhead further state that crude cultures of the cellulose 
decomposers may be obtained, in a very much shorter time 
than that found by Kellerman and his associates, by changing 
the liquid in the flask containing mineral salt solution and 
filter paper, as soon as it becomes turbid. Such frequent 
changes are claimed by them to conform more closely to the 
conditions existing in the animal intestine, where cellulose is 
constantly being decomposed by micro-organisms. 

An interesting sidelight was thrown on the formation of 
these ‘ enzymatic zones ’, illustrated in Fig. 3, by von Gescher 
in a comparatively recent paper. He confirms their formation 
on cellulose agar plates, but says that a microscopic examina- 
tion reveals that they are not due to the enzymatic action of the 
colonies, but to an invasion of the medium by a large number 
of bacteria. Sub-cultures from the colonies had a less marked 
appearance, and the second or sometimes the fourth sub- 
culture no longer showed any zone formation. These observa- 
tions show clearly that the American authors were dealing with 
mixed cultures on their plates and in their colonies, and that the 
true cellulose decomposers present in the zones could only be 
grown artificially through a very limited number of genera- 
tions. Von Gescher’s observations confirm the American 
investigators’ statement that their cultures rapidly lost their 
power of decomposing cellulose. 

Pringsheim and Lichtenstein who investigated sub-cultures 
of the original strains of Kellerman’s organisms, were unable 
to confirm the views of the American authors on the physio- 
logical and cultural behaviour of these organisms. 

In view of the above one hesitates to include these types 
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among the cellulose-decomposing bacteria, particularly since the 
one experiment which would have been really convincing, that 
of a quantitative determination of the amount of cellulose de- 
composed by them in pure cultures, has not yet been carried out. 

A number of cellulose decomposers, which appeared to be 
readily isolated, were described by Sack®’’’ in 1924. He 
obtained them from filter paper buried a few centimetres 
deep in the soil or in mud. 

^When the paper had been exposed for a few weeks it was 
washed with sterile water and placed in a flask containing a 
solution of di-potassium hydrogen phosphate and potassium nitrate, 
with a piece of filter paper. When this paper had become attacked 
after incubation at a suitable temperature, a loop lull of liquid was 
smeared over three ordinary agar plates. The colonies api^oaring 
on these plates were used to inoculate Iresli flasks containing filter 
paper and the above inorganic nutrient solution. On the appear- 
ance of signs of destruction of the filter paper in these flasks, agar 
plates were again smeared from the liquid as before, and the 
developing colonies used to inoculate further flasks. This pro- 
cedure was continued until the colonies appearing on subsequent 
plates were identical with those used as inoculant. 

In this way Sack states that he succeeded in obtaining 
pure cultures of his rods, two from soil and one from mud, 
and a coccus, also from soil, and he remarks that the ability 
of these types to destroy cellulose has been retained for more 
than a year in their sub-cultures. The three rods he places in 
the genus Cellulomonas of Bergey’®, and the coccus in a new 
genus Gellulococcu-s, 

That the technique adopted by Sack is by no mean.s 
faultless, any one acquainted with bacteriological methods 
will observe from a perusal of his paper. At no stage does 
he attain a progressive elimination of any infection forms 
which undoubtedly must have been present in the first 
instance. Until his method has been subjected to a more 
stringent technique it is not considered justifiable to accept 
his four types as true cellulose decomposers. 

In a second paper the same author records the isolation 
in pure culture of four nitrate-producing bacteria, which he 
claims to be capable of decomposing cellulose. Hero, again. 
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confirmation o£ liis work appears to be required before the 
claim can be accepted. 

Recently Gray and Chalmers ^ have described a further 
type of aerobic micro-organism capable of decomposing cellu- 
lose and gelose, under the name Microspira agar-Uquefaclens. 

This is a short, curved rod, usually C-sbaped, measuring 0-5 to 
0-7 /X by 2 fx. Sometimes the organism resembles a coccus in 
appearance. It is vigorously motile in young cultures by means 
of a terminal flagellum, and is strictly aerobic. Its optimum 
temperature for growth is 26° C., and it does not develop at 
temperatures higher than 30 to 32° C. 

It gi’ows well on the ordinary agar media, and liquefies agai’, if 
more readily decomposable carbohydrates, such as glucose, are 
absent. Cellulose suspended in a mineral solution of OT per cent, 
potassium nitrate, OT per cent, di-potassium hydrogen phosphate, 
0-02 per cent, crystalline magnesium sulphate, O-Ol per cent, 
sodium chloride, 0-01 per cent, calcium chloride, and 0*002 per 
cent, ferric chloride, is rapidly decomposed at the surflice of the 
liquid. On Kellerman’s cellulose agar no growth takes place. 

It is of special interest that small amounts of xylose or 
lignin, added to tlie medium in whicli Miorospim agar- 
liquefaciGns is grown, increase the amount of cellulose decom- 
posed by the organism. 

An interesting group of aerobic bacteria was described by 
Groenewege in 1920 under the name of Bact. cellaTesolvens 
a, /?, and y. These organisms, which do not decompose cellulose 
when grown in pure culture, are claimed to do so when living 
symbiotically with denitrifying forms belonging to the Bact. 
fiuoresce'ns group. Two of these were described by Groene- 
wege under the names of Bact. opalescBns and Bact. viscosum. 
Bact. cellaresolvens may be isolated from filter paper which 
has been buried in soil about 15 cms. deep and left there 
to rot. 

The partly decomposed paper is washed frequently with sterile 
Avater to remove the bulk of the other micro-organisms adhering to 
it, and some of the washed fibres are then wiped over the surface 
of an ordinary agar plate with the aid of a sterile triangular glass 
rod known as a Drigalski rod. 

After five to six days’ incubation of the plates, small 
colonies of Bact. cellaresolvens appear. These decompose 
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the paper when grown symbiotically with one of the two 
denitrifying forms in a rnedinm composed of di-potassium 
hydrogen phosphate 0-25 per cent., potassium nitrate 0-6 per 
cent., fflter paper 2 per cent., and tap water. 

The existence of such forms as Bact. cellaresolvem shows that 
the natural disposal of waste cellulose under certain conditions 
may cause the destruction of one of the most important 
foods, the nitrates, and thus be harmful rather than beneficial 
to the soil. In view of the established fact (Koch and Pettit 
that denitrification is of very little importance in well aerated 
soils containing less than 25 per cent, of moisture, it is not 
likely that the denitrification caused by the symbiotic group 
described by Groenewege can be of serious importance in 
nature. 

Now and again statements appear in the literature (e. g. 
Trotman and Sutton that forms such as Bac. mesentericus 
and Bac. subtilis are capable of decomposing cellulose. 
Sufficient proof for these statements has, however, not yet 
been brought forward. 

More interesting is tlie account by Merker of two aerobic 
species of cocci whicli were found on living leaves of Elodea, 
where they produce a gradual destruction of the cell walls. 
Neither of them was obtained in pure culture, since they were 
found to be incapable of development on ordinary laboratory 
media. The cultures must have been almost pure, however, 
judging from the uniformity of their physiological reactions. 

The more active type is described by Merker under the 
name of Micrococcus cytophagus. When inoculated into a 
medium containing filter paper it covers the cellulose with 
a transparent vitreous and yellow growth, which on micro- 
scopical examination is found to consist of a zoogloea of some- 
what egg-shaped cocci, Lignified or suberized tissues are not 
attacked by it. As the destruction of the cellulose proceeds, 
the paper collapses to form an amorphous mass at the bottom 
of the container. 

Micrococcus melanocyclus was obtained from a crude culture 
of Micrococcus cytoiohagus. It destroys cellulose less exten- 
sively than the latter, and when inoculated into a medium 
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Fig. 3. Colonies of jxn.iGVobic cell aloiso- 
(lecomposing biietorium of the types 
described by Kellermiin and Ins colla- 
borators, after 15 days’ growth at 30" C. 
on cellulose agar. Natural size. (Taken 
from Bulletin No. 2()(>of the U.S. Depart- 
ment of Agriculture, Bureau of Plant 
Industry.) 



Fto, 4. An advanced stage in the I'osolution 
of a cellulose fibre by Baa. meUmnigmas, show- 
ing spore formation in various stages of pro- 
gress. Magnification x 1,000. 
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containing strips of filter paper covers the latter with black 
concentric rings. In young cultures a red coloration of the 
attacked paper sometimes occurs, the colour gradually changing 
to black. The pigment of both of these cocci is regarded by 
Merker as related to carotin. 

It is highly probable that on further investigation facultative 
and obligatory anaerobic cocci may be found to take a very 
active part in the decomposition of cellulose. BCenneberg’s 
investigation on the destruction of plant tissue in the intestine 
of man supports this view. 


(h) The facultative anaerobic forms. 

1. Denitrifying forms. Investigations carried out by van 
Iterson, jr.^’^, on the microbiological decomposition of cellulose 
revealed that mineral salt solutions, containing di-potassium 
hydrogen phosphate and potassium nitrate in addition to 
filter paper, gave rise to an evolution of free nitrogen and 
caused a breakdown of the cellulose when inoculated with 
ditch mud and incubated at about 80° C. This fermentation, 
however, was not studied in detail as regards the responsible 
micro-organisms, and it was not established whether the 
cellulose-destroying forms were also responsible for the deni- 
trification, or whether symbiotic reactions were taking place 
in the fermenting liquid similar to those observed by Prings- 
heim in the case of the bacteria responsible for the fixation 
of nitrogen and those causing the destruction of cellulose. It 
is still to be established, therefore, whether bacteria exist 
which liberate nitrogen from nitrates or nitrites during the 
decomposition of cellulose. It is also an open question whether 
such forms, if they do exist, should be classed among the 
facultative or the obligatory anaerobes. 

(c) The obligatory anaerobic forms. 

1. Denitrifying types. Information is lacking as to the 
existence of such forms beyond van Iterson’s observations 
already quoted. 

2. Types which do not liberate atmospheric nitrogen. To 
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this group belong first and foremost the two classical cellulose 
decoinposers Sac, onctha^iig&nes, Lehmann and Neumann, and 
Bac. fossicularwii, Lehmann and Neumann, isolated l)y 
Omelianskis towards the close of the last century. These 
organisms were the first bacteria definitely shown to be 
capable of decomposing cellulose in the form either of filter 
paper or of cotton-wool. 

Both organisms are found in places where plant tissues 
decay under anaerobic conditions, as for instance in dung or 
in the mud of ponds and rivers. 

From these sources they may be obtained in artificial culture. 
For their isolation Onielianski used horse clung, or mud from the 
river Neva, inoculated into flasks completely filled with a medium 
containing, in addition to filter paper, the following mineral salt 
solution ; ,di-potassium hydrogen phosphate O’l per cent., mag- 
nesium sulphate (eiystalline) 0-05 per cent., ammonium sulphate 
or phosphate 01 per cent., sodium chloride a trace, calcium 
carbonate 1 per cent., and distilled water. The ammonium 
phosphate or sulphate could be replaced by O' 1 per cent, of peptone 
or asparagin. 

The inoculated flasks are incubated at 34 to 35° 0., tlio 
optimum temperature. A fermentation started in this way 
does not begin to give off gas until about eight days after 
incubation. At first the gas consists of a mixture of liydrogen, 
methane, and carbon dioxide, but after several siib-culturea 
into fresh media of the above composition the amount of 
hydrogen given oft* diminialies, and finally the gas consists 
of a mixture of methane and carbon dioxide only. The I’atio of 
methane to carbon dioxide varies somewhat with the age 
of the culture, and may reach 75 parts of methane to 25 parts 
of carbon dioxide while the culture is young. This is probably 
due in part to the greater solubility of carlion dioxide in 
water and to the formation of calcium bicarbonate. At this 
stage, when the gas evolved is free from hydrogen, the 
culture is comparatively pure, but it may bo further purified 
by pasteurization before inoculation into freslx media, pro- 
vided that the spores of the methane bacillus are present at 
the time of pasteurization. In this way all the non-spore- 
forming types of infections are removed. 
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A culture prepared in this Avay and examined under the micro- 
sco|)e, shows a uniform growth of a long and very slender rod, 
measuring about O' 4 p, in width by 5 /x in length, and taking the 
usual stains fairly readily. The rods are found deposited in large 
numbers on the surface of the cellulose fibres. In consequence, 
many of them are curved or bent, since they retain the outline of 
the section of the fibre on which they were deposited, even after 
being washed ofl' the fibre. As the culture becomes older, and the 
decomposition of the cellulose progresses, the slender rods grow 
longer. Finally, they reach up to three times their original length. 
A more deeply staining swelling now appears at one end of the 
rod. In this swelling a circular spore is formed which, when 
ripe, measures 1 /x in diameter. It is at this stage of spore 
formation that Bac. methanigenes shows the most characteristic 
appearance. Fig. 4 shows a photomicrograph of the organism at 
this phase. 


As will be seen from this photograph the resolution of the 
fibres has already reached an advanced stage. The progre»ss 
of the destruction may also be followed macroscopically. As 
the attack proceeds the filter paper, if this source of cellulose 
is used, becomes orange, or yellowish-orange, and shows 
numerous holes, and frequently also a much-frayed edge. 
Finally, it loses its fibrous structure and collects at the bottom 
of the flask as a blackish or yellowish-orange sediment. The 
decay progresses slowly and may continue for several months 
without interruption. While the fermentation continues 
briskly the output of mixed gases varies between 3*5 c.cs. 
and 15'5 c.cs. per gramme of cellulose. In addition to the 
gases, volatile fatty acids are produced during the fermenta- 
tion. Ornelianski gives the following figures for a cellulose 
fermentation by Bac. methanigcTies : 


Cellulose. 

grins. 

Used for the experiment 2-0815 
Remaining as residue 0-0760 

Decomposed during 
fermentation . . 2-0065 


Fermentation Broducts Recovered. 

grms. 

Fatty acids . . . 1-0223 

Carbon dioxide . . 0-8678 

Methane . . . 0-1372 

Total 2^0278 


The slight excess of recovered fermentation products, over 
and above the weight of cellulose decomposed, is regarded 
by Ornelianski as within the limits of experimental error. 
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The fatty acids formed consist of a mixture of acetic and 
butyric acidSj in the proportion of nine molecules of acetic to 
one molecule of 'a-butyric acid. Aldehydes, ketones, or alcohols 
are not formed during the fermentation. 

The quantity of methane evolved per gramme of cellulose 
decomposed was found by Omelianski to be at least equal to 
that collected by Schlosing®'^ from a fermenting manure heap, 
and quite sufficient to explain the accumulation of marsh gas 
in the mud of stagnant ponds, where it may be seen rising to 
the surface in large bubbles. 

Neither from Bac. methanigenes nor from Bac. fossicularum, 
which will be described below, did Omelianski succeed in 
obtaining pure cultures in the usual way, since both organisms 
failed to develop on the ordinary laboratory media, such as 
agar or gelatine. That the culture with which Omelianski 
worked must have been sufficiently pure to justify the assump- 
tion that’ the organism was chiefly responsible, not only for 
the actual breakdown, but also for the formation of the 
products found, there can be no doubt, since the microscopic 
preparation of the culture, after the completion of the fermenta- 
tion, showed a uniform field without the presence of infection 
forms. Kellerman and McBeth’s^^ statement that Bao. metha- 
nigenes and Bac. fossicularum are not responsible for the 
production of the methane and hydrogen respectively is not 
justified, therefore, and the fact that these investigators 
succeeded in isolating three other types of micro-organisms 
from Omelianski’s cultures does not invalidate this conclusion. 
Since Omelianski’s own investigations, many attempts have 
been made to obtain pure cultures of these organisms, but so 
far without success. It is possible that better results might 
be obtained by utilizing gum arabic instead of cellulose for 
this purpose. Omelianski himself states that gum arabic is 
a suitable carbohydrate for his organisms, and the writers 
of this volume have now and again succeeded in obtaining 
woolly, and very coherent, colonies of what would appear 
to be Bac. methanigenes^ by using gum arabic instead of 
cellulose for the isolation. Further investigations, however, 
are required to establish the nature of these colonies. 


THE SCHIZOMYOETES 


57 

According to. Tappeiner’s ‘’’® investigations the methane- 
producing cellulose fermenters develop best under acid con- 
ditions, the hydrogen-producing types preferring a slightly 
alkaline reaction. 

Bao. fossicularum, Omelianski’s hydrogen-producing cellu- 
lose decomposer, is associated with Bac. methanigenes where- 
ever the latter occurs, and can therefore be obtained from 
mud. The rate of germination of its spores is slower than 
that of the spores of the methane bacillus, and this fact was 
utilized by Omelianski for the separation of the two. It 
was mentioned above that the gas evolved by the first crude 
culture prepared for the isolation of Bac. metha'nigenes con- 
tained hydrogen as well as methane. If such a culture is 
heated to 75° C. for fifteen minutes shortly after the gas 
evolution has commenced, the vegetative cells of the methane 
bacillus which have by then developed from their spores are 
destroyed, whereas the spores of the hydrogen bacillus, not 
germinated, remain unafifected by the heat. Repeating this 
treatment through three or four successive generations from 
the original crude culture, a culture is obtained which gives 
olf a gas containing hydrogen and carbon dioxide only. It is 
interesting to note that when the methane organism is sub- 
jected to the same treatment it is eventually destroyed. This 
disposes of the possibility that the organism responsible for 
the evolution of the mixture of methane and hydrogen can 
be one and the same type, which through subjection to a high 
temperature loses its property of producing methane, but 
maintains its faculty of evolving hydrogen. That the two 
organisms are not the same species is also indicated by their 
difference in size. 

Bac. fossicularum measures 0-6 yu, in width and in young cultures 
from 4 to 8 /X in length. In older cultures it reaches a length of 
from 10 to 16/x. Its spores have a diameter of 1’6 /x against 1 /x 
in the •ease of Bac. methanigenes. Like the latter, the vegetative 
cells are non-motile and do not stain blue or purple with iodine, 
the characteristic staining reaction for Bac. amylodacter. 

The hydrogen fermentation of cellulose progresses more 
slowly than the methane fermentation, and at its optimum 
temperature (35° 0.) may continue uninterruptedly for more 
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than a year. The gas, consisting of hydrogen and carbon 
dioxide, is produced at a slower rate and amounts on an 
average to 8 c.cs. per gramme of cellulose during 24 houis. 
As in the case of the methane fermentation, the ratio of the 
gases varies according to the age of the fermentation. It may 
amount to 80 per cent, of hydrogen and 20 per cent, of 
carbon dioxide at the beginning of the fermentation and 
4‘5 per cent, and 95*5 per cent, respectively immediately 
afterwards. Later, the hydrogen content of the gas gradually 
rises to 32 per cent, and then falls to 20 per cent, and less 
towards the end of the fermentation. 

The following balance sheet is given by Omelianski foi 
the hydrogen fermentation : 


Cellulose. 

grms. 

Used for the experiment 3'4743 
Eemaining as residue . 0T272 


Decomposed during 

fermentation . . 3'3471 


Fermentation Products JRecovered. 

grms. 

Fatty acids . . ■ 2’2402 

Carbon dioxide . . 0-9722 

Hydrogen . . .0-0138 

Total S^62 
Unidentified compounds 0-1209 

3-347i 


In addition to the fatty acids, consisting of 1*7 mol. of 
acetic to 1 mol. of butyric acid, traces of valeric acid and 
of higher alcohols are formed, which, with the colouring 
matter and the aromatic substances giving the culture a smell 
of cheese, explain the remaining 0-1209 gramme of cellulose 
not accounted for in the above calculation. 

It remains to be mentioned that macroscopically Bao.fossi- 
Gularum causes exactly the same changes in the appearance 
of the cellulose fibres as those described in the account of the 
methane fermentation. 

Omelianski’s researches on the methane fermentation of 
cellulose have been confirmed by many investigators, and as 
recently as 1916 Oechsner de Coninck found a small amount 
of -a-propionic acid among the fermentation products of these 
bacteria in addition to acetic and -n-butyric acids in the pro- 
portions stated by Omelianski. 
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In 1923 Khouvine’^” published a description of yet another 
cellulose deeomposerj Bac. cellulosae dissolvens, which is of 
special interest, since in addition to other products it yields 
about 8 per cent, of ethyl alcohol, calculated on the cellulose 
fermented. Morphologically, Bac. cellulosae dissolvens greatly 
resembles Omelianski’s Bac. fossicularum, but its spoi’es are 
oval instead of circular and measure 2 ju, by 2- 5 p,. The organism 
develops well at temperatures up to 57° C., and in this respect 
it represents a transition stage to the thermophilic cellulose 
decomposers. For its isolation, Khouvine tried without success 
a variety of media recommended for the cultivation of cellulose 
decomposers, including those used by Kellerman and his 
collaborators. 


Finally, a mineral salt solution was adopted which consisted of 
Od per cent, di-potassium hydrogen i^hosphate, 0-1 per cent, 
sodium chloride, 0-1 per cent, p.ancreatic peptone, filter paper, and 
tap-water, to which was added a 10 per cent, aqueous extract of 
faecal inattei’, sterilized at 110° 0. for 16 minutes, in the proportion 
of 250 c.cs. of extract to 760 c.cs. of mineral salt solution. 


Grown anaerobically in this medium, the organism could 
be gradually freed from its various infection forms, but pure 
cultures from isolated colonies were not obtained. Bac. 
cellulosae dissolvens does not develop on any of the ordinary 
laboratory media, and does not ferment any carbohydrates 
but cellulose. 

The following balance sheet for a typical fermentation by 
this organism is given by Khouvine : 


grras. 

Cellulose fermented . 1-012 


Products Bccovered. 


Acetic acid . 

grms. 
. 0-276 

(?) w-Butyric acid . 

. 0-033 

Ethyl alcohol 

. 0-082 

Carbon dioxide 

. 0-1827 

Hydrogen 

. 0-0086 

Pigment 

. 0-0135 


Total 0-6947 
Unrecovered products . 0.4173 


1-0120 
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Only 55-15 per cent, of the carbon fermented was recovered 
in the isolated fermentation products. Khouvine regards the 
remainder as being present in the fermentation liquid in the 
form of soluble carbohydrates, which are capable of becoming 
absorbed by the intestine. 


B. The thermophilic bacteria. 

With this group a field is again entered which is com- 
paratively unexplored. In 1899 MacFayden and Blaxain’- 
recorded that the thermophilic bacteria which they had 
observed to be present in soil were able to fei’inent cellulose 
in the form of Swedish filter paper and viscose, the dis- 
integration of these types of cellulose requiring about 21 days 
to become complete at 60° C. The decomposition products of 
this fermentation comprised acetic and butyric acids, as well as 
carbon dioxide and methane. The organisms used were not 
isolated in pure culture. Similar organisms were investigated 
in greater detail by Kroulik'^^ in 1912. Though ho was 
unable to obtain pure cultures, his microscopic investigation 
of the types convinced him that the decomposition of the 
cellulose was caused by two distinct forms, described under 
the names Bacillus II, 1 and Bacillus II, 2. 

Of these. Bacillus II, 1 is an aerobic (facultative anaerobic) form. 
Its large oval spore germinates to form a fairly broad cell winch 
often attains a considerable length. On ageing, this cell divides 
into a number of shorter or longer individuals. At this stage 
spore formation sets in, each cell showing one or tAvo terminal 
spores. On ripening of the spores the vegetative cell is resolved. 

Bacillus II, 2 is stated to be facultatively anaerobic. It forms 
a small spherical spore which on germination gives rise to a long 
very slender thread, which after subdivision again produces 
terminal spherical spores. This latter type, therefore, resembles 
JBac. methanigenes in its morphology. 

Both , of these thermophilic bacteria decompose cellulose 
with the production of formic, acetic, and butyric acids, and 
with an evolution of carbon dioxide and hydrogen, the latter 
in comparatively small amounts. The presence of methane 
was not observed. The sulphuretted hydrogen which was 
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occasionally formed in appreciable quantities was regarded as 
a product of interaction between the hydrogen evolved and 
the sulphates present in the medium. The destruction of 
the cellulose was more extensive when Bac. II, 2 was used, 
reaching 90 per cent, or more of the total cellulose. 

In 1923 Langwell and Hind’^^ gave an account of a thermo- 
philic cellulose-decomposing bacterium which was stated to 
produce volatile organic acids, ethyl alcohol, methane, hydrogen, 
and carbon dioxide, A description of this organism, together 
with a balance sheet for the reactions, was given. It is 
understood, however, that these statements have not been 
confirmed on further investigation, and that pure cultures 
of the organism have not yet been obtained. 

In 1924 Fred, Peterson, and Viljoen studied the break- 
down of cellulose by another thermophilic type of which 
a morphological description has quite recently appeared 
Though the authors mention in this second paper that they 
have succeeded in isolating the type in pure culture, it is very 
questionable whether independent investigation would confirm 
this, since Viljoen, Fred, and Peterson obtained the culture 
they describe as pure from a dilution containing as much 
as one ten-thousandth part of the crude culture, and from this 
dilution in cellulose agar they isolated not one well-circurn- 
scribed colony, but were content to employ as inoculant for 
their 'pure cultures’ a part of this agar medium containing 
a gas bubble. Even starting with a culture that is only slightly 
infected it is higlily improbable that the above procedure could 
lead to the isolation of pure cultures. 

The data which Viljoen, Fred, and I’eterson supply as to the 
properties of their cellulose fermenter, for which they suggest 
the name Clostridium thermooellum, cannot therefore be 
accepted as final. The interest which for many reasons 
attaches to the study of the thermophilic cellulose fermenters 
makes it highly desirable that these data should be verified on 
undeniably pure cultures. In the earlier paper referred to 
above, Fred, Peterson, and Viljoen reported that when gx-own 
at a temperature between 62 and 66° 0. their organism was 
found to decompose cellulose rapidly, yielding as much as 
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56-8 per cent, of acetic acid and 10-3 per cent, of ethyl alcohol 
from the cellulose decomposed, after eleven days incubation. 
By this time 60 to 80 per cent, of the cellulose disappeared, 
while the remainder formed a yellowish structureless sediment. 
In the second publication the yield of alcohol is stated to vary 
very considerably. 

Before leaving this interesting group of thermophilic cellu- 
lose decomposers, it should be mentioned that many o ' t ie 
earliest investigators of the natural decomposition of vegetable 
matter, besides MacFayden and Blaxall, no doubt dealt with 
the breakdown caused by thermophilic bacteria.^ ^ Interest at 
the time, however, was centred more on the surprising observa- 
tion that micro-organisms may live at temperatures above the 
coagulation point of protein than on the biochemical reactions 
of the types, and consequently this aspect of the physiology 
of the thermophilic micro-organisms was neglected. 

Order II. The myxohacteriales. 

The myxohacteriales, a small group of schizomycetes, were 
first described by Thaxter'®. Like the myxomycetcs, tlieir 
life cycle is divided into a stage of aggregation, in which the 
cells accumulate to form a slimy mass without, however, losing 
their individuality, and a cyst, or resting stage, in which 
several of the organisms are encased in a cyst or spore-like 
body. The individual cell of the myxobacteria is a rocl, 
which usually measures about 15^ in length. It multiplies 
by fission and is .slowly motile, without, however, possessing 

any flagella. ^ , 

The myxobacteria are generally found living on decaying 
wood and on dung. Whether they take an active part in the 
breakdown of the vegetable tissues, through the decomposition 
of cellulose, hemicelluloses, pectin, or gums, has not yet been 
established. 
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CHAPTEK IV 


THE ACTINOMYCETES 

The fragmentary and often diverse descriptions of the 
actinomycetes, or ray fungi, which are found in the usual 
text-books on microbiology, make it desirable to discuss the 
morphology of these organisms in some detail before pro- 
ceeding to' deal with those types among them which have 
been found capable of decomposing cellulose and its associated 
substances. This description of the morphology of the ray 
fungi is based on 0rskov’s recent investigations of the group. 

An explanation is also necessary of the adoption of the 
name actinomycetes to describe the whole of this group in 
preference to the other names, such as Strejotothriceae, 
NoGardiaoeae, or Discomycetes, which have been suggested 
from time to time. In this respect the lucid exposition by 
Breed and Conn ^ on the history of the nomenclature of the 
ray fungi has been followed. According to these authorities 
the first member of the group to be studied was named 
Streptothrix Foersteri by Cohn in 1875. The name of 
Streptotlirix, however, had already been used by Corda in 
1839 to describe quite a different fungus, which to-day 
comprises several species. The application of the name 
Streptothrix to the ray fungi was, therefore, systematically 
misleading. In 1878 Kivolta suggested the name of Disco- 
myces for a ray fungus, a name which he later repudiated 
in favour of that of Actinomyces hovis, given to the same 
organism by Harz in 1877, This latter name has some- 
times been confused with that of Actinomyce used by Meyen 
in 1828 for an eumycete. This eumycete. Breed and Conn 
state, was later recognized by Meyer as identical with Tremella 
meteovica, Persoon. The name of Actinomyces is, therefore, 
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free and can be nsed with justification both for the type de- 
scribed by Harz and as a group name for all those ray fungi 
for which Actinomyces hovis, Harz, serves as the type. 

To avoid misunderstanding in the nomenclature of the ray 
fungi, Trevisian suggested in 1889 another name, ]S‘ ocardia, 
for these organisms, This name is sometimes met with in 
the literature, but there is little justification for it, since the 
name of Actino 7 nyces is not only legitimately used, but is 
older. How far it is justifiable to retain the name of Actino- 
myces for all the ray fungi, as has been done in these pages, 
may be debatable, since they include forms for which Actino- 
myces bovis, Harz, cannot serve as the type. However, since 
a close relationship probably exists between these forms and 
Actinomyces hovis, it has been thought preferable to adhere 
to the well-known name of Actinomyces until such time as 
the whole group shall have been thoroughly investigated, and 
all the facts have been made clear, rather than to add to the 
existing confusion by introducing yet another name. 

Basing his system on morphological characters, 0rskov 
divides the ray fungi into three groups, of which the second 
is again divided into two sub-groups A and B. 

0rskov’s Group I. In his first group, to which Aciinomyces 
bovis, Harz, belongs, the organisms form a unicellular, slender, 
and profusely branched mycelium, radiating evenly from the 
centre, and sending branches into the medium on which they 
grow, thereby causing the colonies to adhere firmly to the 
substratum. The hypha of the mycelium measures from 
0-5 y to 1-0 /i in diameter. The whole structure of the 
mycelium gives to the colonies a tough leathery appearance. 
From the ground mycelium rise, sooner or later, somewhat 
thicker hyphae, the aerial hyphae, measuring about 2 /z in 
diameter. These are sometimes twisted into spirals, but in 
other cases are straight. Sometimes they are branched like 
the ground mycelium. From the aerial hyphae the spores are 
produced. When spore formation takes place, the plasma of 
the aerial hypha contracts into even segments, separated by 
what appear to be empty spaces. The cell wall of the aerial 
hypha gradually sinks into these spaces, thereby giving the 
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hypha a beaded appearance. When the spores are ripe their 
plasma is entirely surrounded by the cell wall of the hypha. 
At no stage in the formation of the spore is it possible to 
discover a schizogen-formed wall, such as is found in the 
schizomycetes. 

The aerial hyphae with their thin ripe spores cover the 
whole or a part of the colonies, often in annular layers, and 
appear macroscopically as a fine dust, which is whitish or 
grey in many cases. The spores show a somewhat greater 
resistance to high temperatures than the mycelium, though 
the difference is not nearly as marked as in the case of the 
spores of bacteria. The formation of aerial hyphae and spores 
is sometimes delayed, as for example, when the organism 
develops on a medium rich in food substances. This fact is 
probably responsible for the statement sometimes made that 
fojrms belonging to this group produce no aerial hyphae. In 
such cases 0rskov recommends the cultivation of the organism 
on a medium deficient in food, for example on a water agar 
composed of tap- water in which 3 per cent, agar-agar has 
been dissolved. On a medium such as this, spore formation 
invariably takes place within a few days. 

It is also characteristic of this first group that the spore, on 
germination, shows little tendency to swell or grow, and is, 
therefore, far less prominent in a young mycelium than in 
the case of the so-called ‘ spores’ of the members of the second 
group, which is discussed below. 

Grown _^in^ liquid culture the actinomycetes of Group I 
develop at the bottom of the container. If the layer of liquid 
is comparatively shallow the mycelium may finally spread 
throughout it and reach the surface, where aerial hyphae and 
spores are then formed. 

To Group I, belong many of the saprophytic actinomycetes 
so frequently met with in the soil. 

In Fig. 5 are shown aerial hyphae in process of spore 
formation and germinated spores with young mycelium of an 
actinomycete belonging to this group. 

0rskov’s Group II. The actinomycetes of Group II are 
less constant in their characters than those "of Group T. The 

E 2 
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group is divided into two subdivisions, depending on the 
presence or absence of an aerial mycelium. 

When the spore of an actinomycete belonging to sub-group A 
germinates it continues to grow for some time and in conse- 
quence appears larger than the hyphae of the young mycelium. 
The mycelium is polymorphous, being more irregular in size 
and shape than is the case in Group I. Aerial hyphae, which 
are indistinguishable from the hyphae of the mycelium, are 
always formed at an early stage of the development. As the 
organism grows older both the aerial hyphae and the ground 
mycelium become divided into uneven segments. The lateral 
walls responsible for the division start as circular rings on 
the inside of the wall of the hypha and gradually extend 
towards the centre until complete transverse walls are formed. 
This method of cell division is quite different from that 
observed among the schizomycetes. The segments of the 
aerial hyphae formed in this manner can hardly be regarded 
as real spores, since they show no greater resistance to heat 
than do the segments of the ground mycelium or the young 
undivided mycelium itself. Grown in liquid culture the 
actinomycetes of sub-group A are stated to develop both at 
the bottom of the container and on the surface of the liquid. * 

The most remarkable feature of the actinomycetes of sub- 
group B is their so-called ‘ angular growth ’, that is, their 
formation of V- and Y-shaped cells. Such cells are formed 
by the incomplete separation of tlie fragments of hyphae 
after segmentation. The transverse walls of adjacent seg- 
ments remain hinged at one side and develop a tendency to 
swell, thereby forcing the segments apart, except at the 
ioined places. The V- and Y-shaped cells give the growth 
of these actinomycetes the appearance of preparations of 
cultures of Gorynwbacterium diphtheriae. Fig. 6 shows a 
typical example of such angular growth. 

The actinomycetes of sub-group B very often form little or 
no mycelium, and branching of the mycelium is rare. No 
aerial hyphae are formed. When grown in liquid culture, 
development takes place both at the bottom and on the 
surface of the liquid. As the organisms of this group usually 




Fia. 7. Actinomyces chalceae, germinating spore and young colony. 
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lack a true mycelium their colonies are generally much softer 
than those of the other groups and can be removed from the 
substratum without difficulty. 

0rskov’s Group III. The third main group of actino- 
mycetes is represented in 0rskov’s account by only one type, 
Actinomyces {Streptothrix) chxlceae. This organism forms a 
delicately branched and unseptate mycelium. At the end 
of the branches a single spore is formed. Fig. 7 illustrates 
this organism. 

Grown in liquid cultures, Actinomyces clmlceae develops at 
the bottom of the container only. 

Basing their classification on physiological rather than on 
morphological propertievS,Waksman and Curtis^ have attempted 
to construct a system for the grouping of a number of actino- 
mycetes investigated by them. Their system, however, over- 
looks the important morphological differences described by 
01 * 8 kov and can only bo regarded as a temporary expedient. 
The same is undoubtedly the case with the somewhat more 
elaborate system of classification proposed by tlie Society of 
American Bacteriologists and given in Bergey’s Manual of 
Determinative Bacteriology Though this latter system pays 
some attention to differences in morphological structure, it 
is still much inferior to 0rskov’s gi^ouping in this respect. 
Thus, in the American system, forms belonging to 0rskov’s 
Group II, B, that is, those producing no aerial mycelium and 
showing typical angular growth, are grouped with types 
showing the characteristic development of the unicellular 
actinomycetes of Group I of 0rskov. 

Until a really satisfactory system has been evolved it 
would appear desirable, in describing new species, first of 
all to pay attention to morphological characters, for instance 
on the basis of the system recommended by 0rskov, and then, 
where necessary, to utilize the biochemical reactions of the 
species for their further subdivision. 

After this digression, it is possible to proceed to a considera- 
tion of the extent to which the actinomycetes are capable 
of 'decomposing cellulose, hemicelluloses, pectin, and gums. 
Positive evidence in this respect has been forthcoming only 
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within the last decade, though earlier investigations had 
made it probable that these substances constituted suitable 
sources of carbohydrates for the group. Beijerinck was one 
of the first to associate the actinomycetes with the decay of 
vegetable matter in his study of the physiology of Actino- 
myees chromogems, Gaspariiii. He found this, organism widely 
distributed in soils, particularly on and in dead cells of the 
I primary cortex of the roots of trees such as oak and beech, 
and on the rhizomes of ferns. Because of its quinone pro- 
duction he regarded A-ctifioiiiyccs cliTomogcucs as an active 
agent in humus formation. Hiltner and Stormer observed 
an increase in the number of actinomycetes in a fallow soil 
after dressing with farmyard manure, and suggested that 
they were active in the decomposition of the straw of the 
manure. In a later investigation Stormer ^ reported that 
Acthioiivyces chTO']no(j6'Yi6S develops well on humic substances. 

In 1914 Krainsky'^ reported on an investigation on the 
action of a number of actinomycetes on resistant cellulose. 
From the data given the following species appear to be 
capable of decomposing this carbohydrate, when grown in 
the medium detailed below : 

grma. 

Ammonium chloride 0'06 

Di-potassium hydrogen phosphate . . . 0-05 

Cellulose . , .2-0 

c.cs. 

Tap-water . 100 

Actinomyces'' oeJMosae, Krainsky, belonging to Group I 0rskov. 

Has spherical spores measuring about 1-3 /a in diameter. The 
colonies on agar are yellowish, with a whitish to grey aerial 
mycelium. On potato the growth is greyish, with grey aerial 
mycelium. A soluble yellow t)igmont is produced by the organism. 
Gelatine isliquefied and starch hydrolysed. 

Habitat T soil. Aerobic and mesophilic, 

Actinomyces diastatieus, Kvi^msky, belonging to Group I 0rskov, 
Produces oval spores, 1-0 to 1-2 /a by 1 to BS/a. Tho aerial 
hyphae bearing them may foiun long delicate spirals. The 
colonies on agar are cream coloured, thin, and spreading ; on potato, 
growth abundant, wrinkled, cream coloured, l)ut with ^ a greyish 
tinge. The aerial mycelium is usually white, later becoming 
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drab. A brown to dark brown soluble pigment is formed. 
Gelatine is liquefied, starch hydrolysed, and milk peptonized. 
Habitat : soil. Aerobic and mesophilic. 

Actinomyces flavochromogenus, Krainsky, syn. Actinomyces chromo- 
genes, Gasparini, belongs to Group I 0rskov. 

Its colonies on agar are yellowish-grey with a white to grey 
aerial mycelium. On potato, growth is similar to that on agar, 
and a white aerial mycelium is formed. The species produces 
a dark brown soluble pigment. Gelatine is slightly liquefied and 
stai’ch slightly hydrolysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces flmus, Krainsky, probably belonging to Group II 
0rskov. 

The growth consists of coarse branching hyphae which bi’eak 
up to form oval spores on ageing. The colonies on agar are grey, 
spreading and somewhat winnkled. Growth on potato is raised, 
much wrinkled, and greenish-olive in colour. A brown soluble 
pigment is formed. Gelatine is liquefied, starch hydrolysed, and 
milk peptonized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces griseoflaviis, Krainsky, belongs to Group I 0rskov. 

The growth on agar is yellowish with white aerial mycelium ; 
op potato the growth is yellowish with grey aerial mycelium . The 
spores are spherical to oval, 1-2 yain diameter. Gelatine is rapidly 
liquefied, starch slightly hydrolysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces griseus, Krainsky, belongs to Group I 0rskov. 

On agar an abundant cream coloured and transparent growth is 
formed. On potato the growth is yellowish and wrinkled. The 
aerial mycelium is water-green. The rod-shaped to short cylindrical 
spores measure 0-8 /x by 0-8 to 1-7 /x and are formed on hyphae 
which occasionally form spirals. A soluble pigment is not formed. 
Gelatine is rapidly liquefied, starch hydrolysed, and milk pepton- 
ized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces melanoeyclus, (Maerker) Krainsky, belongs to Group^I' 
0rskov. * 

Growth on most media is poor ; the colonies formed are orange- 
red with a black aerial mycelium, formed near the edge of the 
colonies. The spores are almost spherical and measure 0-9 /x in 
diameter. Gelatine is liquefied and starch hydrolysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces melanosporus, Krainsky, belonging to Group I 0rskov. 
The growth on most media is reddish with black aerial mycelium. 
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The spherical spores measure 1-2 //. in diameter. Gelatine is lique- 
fied, starch slightly hydrolysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces microflams, Krainsky, belongs to Group I 0rskov. 

It forms a yellow growth with rose-yellow aerial mycelmm on 
agar. On potato, growth is yellow, but no aerial mycelium is 
formed. The spores are spherical to rod-shaped and measure 2 /x 
by 2 to 6 /X. Gelatine is liquefied and starch hydrolysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces parvus, Krainsky, belongs to Group I 0rskov. 

The growth is yellowish on most media with a light yellow 
aerial mycelium. The spores are more or less spherical, measur- 
ing 1-6 /X in diameter. Gelatine is slowly liquefied, starch hydro- 
lysed. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces roseus, Krainsky, belongs to Group I 0rskov. 

On agar the colonies are white, becoming yellowish on ageing. 
On potato the growth is brownish and much wrinkled. The 
aerial mycelium is pale brownish. The hyphae on wliich spores 
are formed show numerous open and closed spirals. The spores 
are oval, measuring 1‘0 to 1-2 /x by l-S to 3 /x. Gelatine is 
liquefied, starch hydrolysed, and milk peptonized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces ruler, Krainsky, belongs to Group I 0rskov. 

The colonies on agar are raised, wrinkled, and olive-green ; on 
potato, growth is similar. A brown soluble pigment is produced. 
The aerial mycelium is chrome-orange and woolly. The measure- 
ments of the spores are not given. Gelatine is liquefied, starch 
hydrolysed, and milk peptonized. 

Habitat : soil. Aerobic and mesoifiiilic. 

An investigation of the action of actinomycete.s on celluIo.se 
was reported on in 1919 by Waksman and Curtis'*. Tliose 
of the species studied by them wliich are recorded by Borgey'* 
are described below : 

Actinomyces alius, (Krainsky) Waksman and Curtis, belongs to 
Group I 0rskov. 

The colonies on agar are glossy, cream coloured and spreading. 
On potato the growth is abundant, wrinkled, cream coloured, and 
with a greenish tinge. The aerial mycelium is white, and the 
spore-bearing hyphae occasionally show short spirals. The conidia 
are spherical to oval, measuring I’l to 1‘4/x by 1-2 to l-S /x. 
Gelatine is liquefied, starch hydrolysed, and milk peptonized. 
Habitat : soil. Aerobic and mesophilic. 
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Actinomyces aureus, Walcsman and Curtis, belongs to Group I 
0rskov. 

The greyish coloured colonies on agar are restricted in 
their development. The growth on potato is abundant, wrinkled 
and brown, becoming black on ageing. A soluble brown pigment 
is produced. The aerial mycelium is grey to cinnamon drab. The 
spore-bearing hyphae form numerous spirals. The spores are 
spherical to oval, measuring 0-6 to 1 /x by 0-8 to 14 /x. Gelatine 
is slowly liquefied, starch hydrolysed. Grown in milk a black 
ring is produced at the surface of the medium. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces exfoliatus, Waksman and Curtis, belongs to Group I 
0rskov. 

The colonies on agar, which often do not develop well on the 
surface, are cream coloured. On potato the growth is somewhat 
wrinkled, grey, later darkening to brown. The aerial mycelium 
is white, the hyphae bearing the spores have a tendency to spiral 
formation. The oval spores measure I'O to 1-6 /x by 1-2 to 1'8 /x. 
Gelatine is liquefied, starch hydrolysed, and milk slowly peptonized. 

Habitat ; soil. Aerobic and mesophilic. 

Actinomyces /radii, Waksman and Curtis, belongs to Group I 
0rskov. 

The colonies on agar are yellowish, becoming orange-yellow on 
ageing. On potato the growth is orange coloured. The aerial 
mycelium is pink and covers the whole surface of the growth. Ho 
spirals are formed on the spore-bearing hyphae, The spores are 
oval to rod-shaped, measuring 0-5 to 0-7 /x by 1-25 /x. Gelatine is 
liquefied, starch hydrolysed, and milk peptonized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces lipmanii, Waksman and Curtis, belongs to Group I 
0rskov. 

It forms yellow, glossy, radially wrinkled colonies on agar. On 
potato the abundant growth is wrinkled and cream coloured. The 
aerial mycelium is white, turning grey. The spores are oval and 
measure 0*8 to I'l /xby 1-0 to 1-6 /x. Gelatine is liquefied, starch 
hydrolysed, and milk peptonized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces violaceus-caesaris, Waksman and Curtis, belongs to 
Group I 0rskov. 

It forms thin, cream-coloured colonies . on agar ; on potato 
a wrinkled, cream-coloured growth, which turns yellowish on 
ageing. The aerial mycelium is white. The spore-bearing hyphae 
occasionally form spirals. The spores are oval to elongated ; no 
measurements are given. The species produces a soluble purple 
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pigment. Gelatine is slowly liquefied, starch hydrolysed, and 
milk slowly peptonized. 

Habitat : soil. Aerobic and mesophilic. 

Actinomyces violacetis-niber, Waksman and Curtis, belongs to 
Group I 0rskov. 

The colonies on agar are white, becoming red with white margin. 
Growth on potato is scarce, folded and brown. The aerial 
mycelium is white to mouse grey. The spore-bearing liyphae 
form dextrorse spirals. The spores are oval to rod-shaped and 
measure 0-7 to 1-0 by 0-8 to 1-5 /x. A soluble blue pigment is 
secreted. Gelatine is slowly liquefied, starch hydrolysed, and 
milk peptonized. 

Habitat ; soil. Aerobic and mesophilic. 

Actinomyces viridochromogcnns, (Krainsky) Waksman and Curtis, 
belongs to Group I 0rskov. 

The colonies on agar are large, grey with a greenish tinge. On 
potato the growth is abundant and grey-brown. The aerial 
mycelium is white, later becoming greenish. Ihe spore-beaiing 
hyphae form numerous open spirals. The spores are spherical to 
oval, 1'25 to 1-5 /X. A soluble brown pigment is formed. Gelatine 
is slowly liquefied, starch hydrolysed, and milk peptonized. 

Habitat : soil. Aerobic and mesophilic. 

In addition to the above types Brussofi'^" has isolated a 
eellulose-decomposing actinomycete, Acti'iiomyccs cloacae, irom 
the Aachen sewage disposal system. Tlie following are the 
characteristics of this organism. It belongs to Group I 
0rskov, and forms spherical spores. 

The aerial hyphae are straight and are formed in rings over the 
surface of the growth. The spores are white, later becoming sepia 
coloured, especially when grown on potato. Gelatine is not 
liquefied. Starch is probably hydrolysed and its structure destroyed, 
since the colonies grown on potato slowly sink into this subsiratunn 
Its optimum temperature for growth is stated to be between 80 
and 38° C. 

In none of the cases mentioned has the decomposition ol 
the cellulose been followed from a biochemical point of view, 
and the decomposition products formed by the action of tlie 
actinomycetes are unknown. 

As regards the action of actinomycetes on heraicelluloses, 
pectin, and gums, practically no information is available 
beyond a suggestion by Krainsky that the appearance of 
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a clear zone round a colony growing on a cellulose agar plate, 
prepared as recommended by McBeth and Scales, might have 
been due to the decomposition of the gelose of the agar rather 
than to the destruction of the cellulose. 

The existence of plant-pathogenic forms responsible for the 
production of potato scab is an indication that pectin may 
be decomposed. Unpublished experiments by the writers 
entirely confirm this and have shown that gums and pectin 
are highly suitable sources of carbohydrates for a large 
number of actinomycetes. 
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CHAPTEK 


THE EUMYCETES. GEOUP A. 

Attempts havG bGGn made from time to time to determine 
the relative importance of bacteria, actinomycetes, and fungi 
in the natural decomposition of vegetable matter. Thus 
Eamann, Eemel^,, Shellhorn, and Krause b who determined 
the ratio of bacteria to fungi in various forest soils, found- as 
a rule more fungi than bacteria in the loose soil underneath 
the layer of dead leaves and humus. Faelli b on the other 
hand, in his examination of the soil of the agro Komano found 
five times as many bacteria as fungi, while Heukelekian 
arrived at the conclusion that fungi were far more important 
for the breakdown of cellulose in the soil than either bacteria 
or actinomycetes. 

Though of considerable interest, none of these conclusions is 
very convincing, since no method exists by wliich it is possible 
to establish the quantitative distribution of cellulose-decom- 
posing bacteria in soil. 

Whether or not the bacteria may finally be shown to be the 
more active types, the fact remains that the fungi are very 
active in the natural decomposition of vegetable debris. Their 
less specialized food requirements have probably sometliing to 
do with this. One single species will thus frequently be capable 
of decomposing gums, pectin, hemicelluloses, and cellulose, and 
often lignin in addition, while a species of a bacterium is 
usually able to deal with one of these substances only. 

The great adaptability of the fungi will always assure them 
of an ample supple of carbohydrates in vegetable debris and 
will thus greatly favour their development. Even in wood 

* The references given in Chapters V and VI (The EnmycetG.s, Groups A 
and B) are numbered consecutively as though for a single chapter. They 
will be found at the end of Chapter VI on pp. 166-8. 
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there will be an abundance of food materials available, and 
this is no doubt the reason why fungi take so conspicuous 
a part in the destruction of this type of vegetable matter. 
The presence of starch and sugar, which occur in all woods 
during certain seasons, may be a contributory factor to the 
ease with which the fungi gain access to their hosts. 

A very instructive picture of the action of fungi on wood 
and other vegetable tissues is given by Schellenberg in a 
paper of 1 932. He distinguishes three stages in the breakdown 
of plant tissues by filamentous fungi. The first, for which 
parasitic forms such as the Uredineae and the Ustilagineae are 
responsible, results in the destruction of sugar, starch, and 
dexfcrins. The second, in which saprophytic fungi such as 
Mucot, Penicillium, and Asp&rgillus operate, results in the 
decomposition of sugar, starch, dextrins, hemicelluloses, and 
pectin. The third stage, involving the destruction of all of the 
above carbohydrates, in addition to the cellulose and frequently 
the lignin, is brought about by the activity of the wood- 
destroying fungi proper, including both parasitic and sapro- 
phytic forms such as the Polyporaceae and Agaricaceae. As in 
the case of the fungi which decompose sugars, starch, pectin, and 
hemicelluloses, these fungi start their attack by the destruction 
of the readily assimilated carbohydrates, and proceed to the 
decomposition of the cellulose and lignin only after the supply 
of sugars and pectin has been more or less exhausted. 

The account given in the following pages of the more 
significant of those saprophytic fungi which have, been shown 
to participate in the natural decay of plant tissues has been 
compiled from a similar physiological standpoint to that of 
Schellenberg. The various types which will be discussed are 
divided into two main groups, those which decompose pectin and 
hemicelluloses, and those which, in addition, are able to break, 
down cellulose and lignin. As no information of any importance 
appears to be available of a fungal flora specific to gums, this 
substance has not been considered in this chapter. Among the 
higher saprophytic fungi attention has been concentrated on the 
wood-destroying forms. The list given of these should not, 
however, be regarded as complete. The subject of wood decay 
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is still in far too active a state of development, and too many 
of the responsible fungi are insufficiently described, for it to be 
possible to give an exhaustive account of all of them. Hitherto, 
the description of these forms has been confined in a large 
measure to an account of their fructifications, and they have in 
consequence become removed from the sphere of microbiological 
study. More recently, however, there has been a tendency to 
coDcentrate on other biological characters, particularly on the 
morphology and physiology of their mycelium, as grown in 
the laboratory on artificial media. Thereby, not only have 
they been brought into line with other micro-organisms, but 
the circumscription of the various species has been made more 
definite. The work in this direction will be discussed in 
greater detail in Chapter XII. 

Except where otherwise stated, all the descriptions of the 
fungi discussed here have been taken from Rabenhorst 


Group A. Eumycetes which decompose pectin and 
hemicelluloses. 

Sub-class : Phycomyoetes. 

Order: Zygomycetales. Sub-order: Mucorineae. 

Family : Mucomceae. 

Mucor globosus, Fischer. 

This species was found by Schellenberg " to decompose the 
hemicelluloses of MoHnia caerulea, Jyiipi'iius hirsutus, and 
iDipatiens balsaoninci. It had no action on the hemicelluloses 
of JRusous ac'uleat'Lis or of Phoenix dactylifera. 

The fungus has slightly drooping hyaline sporangiophores which 
are kept erect by mutual support. They measure from 1 to 8 cins. 
in height and 6 to 10 jU. in diameter. They are widely branched in 
sympodial cymes, the branches terminating in sporangia, beneath 
each of which a septum is formed. The si)orangia are spherical, 
measuring from 75 to 120 fx. in diameter. When ripe^ they are 
greyish-brown to dark brown in colour. After resolution of the 
wall of the sporangium, a basal collar remains. The columella is 
generally pear-shaped, and as a rule 40 /x in height and from 6 to 
32 /X in diameter. Its surface is smooth and greyish in colour. 
The spores, measuring from 4 to 8 /x, are spherical and of a blackish 
colour when observed collectively. 
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Mucor hiemalis, Wehmer. 

This was identified by Behrens’^ with the dew-retting of 
flax and hemp, though Ruschmann*^ regards it as of minor 
importance in this respect. 

The colonies are silky, white, and occasionally yellowish-brown. 
The hyphae are irregular, 7 to 14 p, or even 30 //, in diameter. The 
sporangiophores are simple, occasionally branched, erect, but 
collapsing later. The sporangia are globose, yellow or grey, 65 /x 
in diameter, hyaline and shiny. The columella is globose to ovoid 
in shape, hyaline, 28 to 48 /x in diameter. The spores are 
numerous, thin-walled, and variable in size and shape, averaging 
7 by 3'2 /X. Zygospores have not been observed (Saccardo “). 

Mucor uegleotus, Vuillemin. 

This species decomposes the hemicelluloses of Lupinus 
hirsutus, Lupinus albus, and Impatiens halsamina (Schellen- 
berg “), 

It has erect and sympodially branched sporangiophores, occur- 
ring as a matted growth. The branches terminate in sporangia 
which have no distinctive characteristics. The spherical spores 
measure only 3 /x in diameter. Azygospores, but not zygospores, 
have been reported. They measure 54 /x in diameter, and their 
outer membrane, which is thickened in places, is yellow-brown to 
dark brown in colour. 

Mucor piriformis, Fischer. 

This species decomposes the hemicelluloses of Lupinus Kir- 
sutus and of Impatiens halsamina, but not those of Molinia 
caerulea or the other types tested by Scbellenberg ^ 

It has erect but slightly drooping sporangiophores occurring in 
thinly matted areas. They are 2 to 3 cms. in height and 85 to 
50 p, in diameter. They are generally unbranched, but occasionally 
side branches occur which are usually sterile. The sporangia are 
spherical and measure 250 to 360 /x in diameter. When young 
they are white, but become greenish-grey to black later. The 
outer wall possesses closely arranged delicate spines. The colu- 
mella is generally pear-shaped, measuring 200 to 300 /x in height 
and 80 to 280 /x in width. The spores are uniform and ellipsoidal, 
measuring 6 to 13 /x in length and 4 to 8 /x in width. 

Mucor racemosus, Fresenius. 

. Syn- : PleurocpsUs Fresenii, Bonorden. 

Ghlamydomucor racemosus, Brefeld. 

For further synonyms see Rabenhorst \ 
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This species attacks the hemieelluloses of Molinia oaerulea 
(Schellenberg "). It was found by Oudemans and Koning in 
many of the humus samples examined by them. 

It has erect sporangiophores forming yellowish-brown matted 
layers. The sporangiophores vary in height from 0-6 to 4 cms. 
and have a diameter of 8 to 20 /a. They are irregularly branched 
in racemes, each branch bearing a sporangium. A septum is 
formed beneath the sporangium. The sporangia are spherical, 
measuring 20 to 70 /a in diameter, are drooping or erect, and 
yellowish in colour. On the bursting of the sporangial wall 
a basal collar remains. The columella is club-shaped, 17 to 60 /a 
in height and 7 to 42 /a in diameter. The spores are irregular, and 
may be spherical or elliptical, measuring 5 to 8 in width and 6 
to 10 /A long. They are smooth and yellow. The zygospores are 
spherical, brown, and measure 70 to 80 ^ in diameter. On their 
outer membrane yellowish to red-brown warts are formed. The 
suspensors are much smaller than the zygospores. Azygospores 
are occasionally observed, and chlamydospores are also found. ■ 

This species, though one of the commonest of the genus Miicor, 
is not very well circumscribed. 

Mucor Bouxianus, Wehmer. 

Syn. : Amylomyces Bouxii, Calmette. 

Mucor Bouxii, Wehmer. 

This type was isolated from ‘ Chinese yeast in which it 
represents the amylolytic agent. That it is capable of decom- 
posing hemieelluloses was pointed out by Mezzadroli who 
used it for the hydrolysis of vegetable ivory, the endosperm of 
JPhytelephas macrocarpa. 

The fungus forms a slightly elevated downy growth on wort- 
gelatine. It grows better on a rice medium, where it forms 
sporangia. The sporangiophores are small, 1 mm. in height, 7 to 
14 /A in diameter, erect or drooping, usually branched, and bear 
two or more sporangia, all of one type. They have short pedicels, 
are erect or leaning, and often abnormal. They form a loose mat, 
which is orange-red on rice. The sporangia are light or yellowish, 
round, often broader than they are high, 60 /a in diameter, smooth 
and translucent. The membrane of the sporangium is colourless 
arid transparent and, after dissolution, leaves a collar at the base 
of the columella. The columella is free, rounded, slightly 
flattened (20 by 23 /a to 28 by 32 /a), smooth and colourless. The 
spores measure 5 by 2-8 /a, are colourless, smooth, refractive, and 
have heterogeneous contents, contracted somewhat from the spore 
wall. Chlamydospores are abundant, small or large, irregular in 
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form, 12 to 100/a in diameter, and yellowish, light brown, or 
colourless. Their membrane is smooth, colourless, and thickened 
up to 7 /A. Zygospores are unknown. Budding cells are present 
(Lendner ’“). 

Mucor spinosus, van Tiegliem. 

Syn. : Mucor plumbens, Bonorden. 

Mucor aspergilloides, Zopf. 

This species was observed by Ruschmann® on flax which 
had undergone dew-retting, and it probably decomposes pectin. 

It possesses straight smooth-walled sporangiophores branching 
monopodially or in sympodial cymes, the bx-anches each termi- 
nating in a sporangium. Each sporangiophoi’e has a transverse 
septum beneath the sporangium. The sporangia, which are 
spherical, reach a diameter up to 100 /a, and become dark brown 
with age. After the resolution of the sporangial wall a basal 
collar remains. The columella, which is pear-shaped to cylindrical, 
measures 8 to 65 /a in width and 25 to 85 /a in height. Its 
membrane is coloured grey to brownish. The spores are smooth, 
spherical, and greyish-brown, and measure 5 to 9 /a in diameter. 
The zygospores are spherical and yellowish-brown in colour. 
Chlamydospores have been observed. 

Mucor stolonifer, Ehrenberg. 

Syn. : Ascophora muccdo, Tode. 

Ehigopus nigncans, Ehrenberg. 

For other synonyms see Eabenhorst®. 

This species was found by Behrens’^ in large numbers on hemp 
which had been dew-retted during summer. Ruschmann ® also 
observed it on dew-retted hemp. As early as 1890 Kean^® 
demonstrated the presence of a pectin-resolving enzyme in this 
fungus capable of dissolving the middle lamellae of the cells of 
the sweet potato, I'poinoea batatas. Harter and Weimer 
showed this enzyme to be present not only in the 
mycelium but also in the spores. Schellenberg ” found the 
fungus capable of decomposing the hemicelluloses contained 
in the cotyledons of Lupinus hirsutus, Lupinus alhus, and 
Impatiens balsamina, but not those contained in the seedlings 
of Molinia caerulea or in the seeds of Phoenix daotylifera. 
Schmidt, Peterson, and Fred’^® found that it was capable of 
decomposing pentosans. 

Mucor stolonifer owes its name to its manner of growth. The 
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mycelium spreads as stolons over the sui'face of the medium. At 
intervals up to 3 cms. along the creeping white stolons, which 
later become brown owing to a discoloration of the walls, masses 
of simple or branched rhizoidal hyphae, also darkening with age, 
grow down into the substratum. They measure 5 to 16 in 
diameter and are occasionally septate. From the points opposite 
these rhizoids groups of three to five unbranched erect sporangio- 
phores arise, measuring 0-5 to 4 mms. in height, and 24 to 42 /x 
in diameter. Their smooth membrane becomes brown to dark 
brown with age. The sporangiophore terminates in an hemi- 
spherical columella, 70 /x broad and 90 /x in height. The dark 
brown sporangium measures 250 by 320 /x. The light grey spores, 
measuring 6 to 17 /x, are spherical to oval, and possess a double 
membrane, the outside of which shows vertical siriations. The 
zygospores are spherical to ellipsoidal, measuring 160 to 220 /x in 
diameter, with a leathery dark brown outer membrane, showing 
hemispherical hollow warts. The inner membrane is thick, 
colourless, and fills the cavities in the warts of the outer membrane. 
The suspensors are uneven in size, and almost as broad as the 
zygospore. Azygospores are sometimes formed, but not chlamy do- 
spores. 

A number of Mhizopus species, chiefly parasitic forms, were 
investigated by Harter and Weimer^'^ for pectin-decomposing 
properties, Among them were the two saprophytic types, 
Rhizop)US microsporus, van Tieghem, and llkizopus chinensis, 
Saito. 

Thamniclmm elegans, Link. 

Syn. : Mdidium suUerranetim, Eschweiler. 

Mucor elegans, Fries. 

AscopJiora elegao%s, Oorda. 

Mucor mucedo, do Bary et Woronin. 

Ascophora pulchra, Preuss. 

Thamnidium van TiegJiemii, Berkeley et Broome. 

This species decomposes the hemicelluloses of Lupinus 
hirsutus, Lupinus alhus, and Impatiens halsainina (Sehellen- 
berg °). 

The sporangiophores are ei’ect and branched. The sporangium 
on the main stem is spheroidal, contains many spores, and is 
borne on a large columella. The solitary or verticillate, usually 
dichotomous, branches have small spherical sporangia at the ends 
of branchlets. These sporangia contain 4 to 10, or occasionally 
1 to 3, spores. The spores from both types of sporangia are 
similar, being oval, hyaline, sometimes becoming bluish, and 
measuring 8 to 10 /x by 6 to 8 /x. 
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Sub-class : Mycomycetes. 

Order: Asoomycetales. Sub-order: Plectasciineae. 

Family : As^ergillaceae. 

Little work has been done on the action of Aspergillus 
species on hemicelluloses. The following five species were 
studied by Schmidt, Peterson, and Fred for their behaviour 
towards the pentosans of maize and rye straw, which were 
found by them to become decomposed. 

Aspergillus fltivus^ Link. 

Syn. : Aspergillus flavescens, Wreden. 

Eurotium aspergillus flavus, de Bary. 

Aspergillus subfuscus, Johan-Olsen (Pribram ^°). 

This species forms yellowish-green to dark brown matted 
colonies. The vegetative mycelium is greyish. The conidiophores, 
which are sometimes septate, are 0-4 to 0-7 mm. in height and 7 
to 10 /r in diameter. The vesicle is spherical to club-shaped and 
30 to 40 ft in diameter. The complete fructification measures 85 ft 
in diameter. The sterigmata are unbranched and particularly 
closely set at the summit of the vesicle. They measure 20 ft in 
height by 6 ft in width. The conidiospores are generally spherical 
and smooth, and 4 to 8 /x in diameter. The chains of spores 
break uj) readily. 

Its optimum temperature of growth lies between 28 and 37° 0., 
and it is capable of slowly liquefying gelatine. 

Aspergillus fumigatus, Fresenius. 

Syn. : Aspergillus nigreseens, Eobin. 

This species occurs on a variety of hosts, including tobacco 
and decaying potatoes, 

It forms green and later grey to dirty brown colonies. The 
hyphae of the mycelium measure 2 to 3 ft in diameter. The delicate, 
closely set, conidiophores are little differentiated from the my- 
celium, measuring 6 to 6 ft in diameter and 0-1 to 0-3 mm. in 
height. The vesicle measures 10 to 20 ft across. The complete 
fructification is 30 to 40 ft in diameter. The unbranched 
sterigmata are closely set at the upper part of the vesicle, point- 
ing towards it rather than projecting radially. They are 6 to 
16 ft in length. The smooth spherical to oval conidia measure 2 
to 3 ft in diameter. Its optimum temperature of growth is about 
37°0. 
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Aspergillus glaucus, Link. 

Syn. : Mucor glaums, Link. 

Alonilia glauca, Persoon. 

M.ucor aspergilhis, Bulliard. 

Aspergillus rcpens, Saccardo. 

JEurotmm aspergillus glaums, de Bary. 

Eurotium aspergillus niedius, Meissner. 

A very common species appearing on almost all damp 
objects. 

The colonies are light green when young, later becoming 
darker to greyish-brown. When old the hyaline hyphae often 
show a yellow to brownish colour. They measure 3 g in diameter. 
The conidiophores are erect, unbranched, 1 to 2 mms. high and 14 g 
broad. The vesicle is spherical or slightly oval, measuring 30 to 
60 g in diameter. The closely-set unbranched sterigmata radiate 
uniformly from the whole surface of the vesicle. They are 10 to 
14 g in length and have a diameter of 6 to 7 g. The spherical or 
slightly oval conidia, which are formed in long chains, possess 
a thick, smooth, later sometimes finely papillate, membrane, and 
measure 7 to 15 /a in diameter, with an average of about 10 /x. 

The perithecia of this species are light brown at first, but 
darken subsequently. They measure 100 to 200 g in diameter 
and contain about 20 asci with 6 to 8 smooth ellipsoidal spores, 
measuring 5 to 7 /x by 8 to 10 /x and possessing a longitudinal 
furrow. 

Aspergillus niger, van Tieghem. 

Syn. : Sterigmatocystis niger, van Tieghem. 

Sterigmatocystis antacustica, Crania, 

Aspergillus iiigricans, Wreden. 

Aspergillus nigricans, Cooke. 

Sceptromyces Opi^ii, Corda. 

Oephalosporium sceptromyces, Bonorden. 

Stachylidium sceptrum, Pries. 

Botrytis amenticola, Opiz. 

Eurotium aspergillus niger, de Bary. 

This species is responsible for the cork flavour of bottled 
wine. 

It forms very dark brown colonies. The vegetative hyphae 
measure about 3 /x in diameter. The conidiophores measure 18 g 
in diameter and possess an hyaline, smooth, shiny stem 2 mms. in 
height. The vesicle, which is often rough, is cylindrical, with 
a diameter of 80 /X. The branched sterigmata radiate uniformly 
from the whole surface of the vesicle, The primary portion 
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attains a height of 26 /x and the branches only 8 fi. Their 
diameter varies between 3 and 4:-B fx. The diameter of the com- 
plete fructification may be as much as 130 /x. The conidiospores 
are spherical, dark in colour, and 2-5 fx in diameter ; they are borne 
in long chains, and when fully ripe are frequently warty. 

Aspergillus oryzae, Ahlburg. 

Syn. : Eurotium oryzae, Ahlburg. 

Aspergillus oryzae, Cohn. 

This is an important species used in the East for the 
preparation of Sakd and soya sauce. It secretes an active 
diastase which is now prepared technically under the name 
of taka- diastase. Newcombe^® states that reserve cellulose 
(hemicelluloses '?) is decomposed by this species. 

The young colonies are usually yellowish-green and occasionally 
brown to brownish-green. With age they become greyish-brown 
to dark brown. The vegetative hyphae are white to grey, and 
measure 3 to 9 /a in diameter with an average of 4 to 5 fx. The 
conidiophores are closely matted, and are 0'3 to 2 mms. in height, 
with an hyaline erect stem measuring 10 to 30 y across. The 
vesicle is spherical, occasionally somewhat club-shaped, and 50 to 
80 p, in diameter. The greenish-yellow to yellow or brownish 
fructification measures 90 to 120 p in diameter. The slender 
sterigmata are borne either evenly over the surface of the vesicle 
or may be congregated towards the summit. They are 10 to 20 p 
in diameter. The spherical conidiospores measure 6 to 7 p in 
diaineter and may be either smooth or papillate. The conidial 
chains break up readily. 

The diastatic enzyme has an optimum temperature of 60° 0., 
being destroyed between 60 and 70° C. The fungus develops 
between the temperatures of 8 and 45° 0. with an optimum of 
37° C. It is capable of liquefying gelatine. 

Aspergillus Wentii, Wehmer. 

This is used by the natives and the Chinese of Java in the 
preparation of Tas Gu, or bean pulp. The fungus appears 
spontaneously on boiled soya beans which have been covered 
with Hibiscus leaves. According to Wehmer it softens the 
cooked beans, probably by dissolving the middle lamellae of 
the bean tissues. 

The mycelium of Aspergillus Wentii is at first white, later 
turning reddish-brown. The conidiophores are conspicuous, 2 to 
3 mms. in height, and terminate in vesicles measuring 76 to 90 p 
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in diameter. The vesicle is covered with slender tmhranched 
sterigmata measuring 4 to 15 jx in length. The spores are 
spherical or slightly elongated and measure 4 to 6 p, in diameter 
(Wehmer “). 

Penicillhim expcmsum (Link), Thom. 

Syn. : Coremium glaucum, Link. 

Floccaria glauca, Greville. 

PenicilUum glaucum, Link (in part.). 

Coremium vulgare, Corda (in part.). 

Possibly PenicilUum elongaium, Dierckx. 

For other synonyms see Rabenhorst 

This species was tested for its pectin-decomposing properties 
by Behrens who found them to be positive. It has been 
found on dew-retted flax. Schellenberg ® studied three strains 
of this fungus for decomposition of hemicelluloses and found 
two of them active and one uncertain. Schmidt, Peterson, 
and Fred obtained a decomposition of pentosans by means 
of a strain of PenicilUum glaucum. 

On ordinary media the colonies of this species are green, be- 
coming grey-green to brown after several weeks, especially after 
exposure to light. Loose tufts of short coremium-like conidio- 
phores arise in concentric zones from the colonies. They do not 
exceed 1 to 2 mms. in height, except in old colonies grown on 
sugar-containing media. The conidioi^hores may be very shoi’t 
lateral branches of aerial hyphae or may arise singly or in groups 
to form coremia. The conidiophores possess 1 to main branches 
bearing verticils supporting numerous sterigmata, which continue 
to produce great numbers of conidiospores for some weeks, 
particularly when grown in sugar solution. The sterigmata 
measure 8 to 10 /x in height and 2 to 3 /x in diameter. The coni- 
diospores are spherical to elliptical, measuring 2 by 3'3/x to 3 by 
34 /X. They are green, homogeneous, and not easily detached from 
the chains in which they are formed. 

The species grows readily on all common media and is capable 
of slowly liquefying gelatine (Thom ’'“). For further physiological 
reactions see Thom. 

Eidamia, Lindau. 

The Eidamia species described below are dealt witli here 
rather than under the Fungi Imperfecti, since they are related 
to Aspergillus, and the type species Eidamia acremonioides, 
Harz, bears bulbils which, according to Horne and Williamson^'*, 
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are to be regarded as sterile perithecia. These are absent, 
however, in the two newer species described below. 

Eidamia viridescens, Horne et Williamson. 

This was shown to decompose pectin with the production 
of traces of organic acids (Horne and Williamson The 
solution in which the pectin had been decomposed was stained 
green and was capable of reducing Fehling’s solution. 

The mycelium of this species is hyaline and septate, with 
branched hyphae measuring 7 to 11 /a in diameter. The conidio- 
phores are branched and septate with single or grouped flask- 
shaped sterigmata 1-6 to 3 p. in diameter and 8 to 10 /x in length. 
They bear yellow to green spherical or ellipsoid conidiospores in 
groups or short chains. They measure 2-5 to 4*5 p in diameter 
and 4 to 6 p in length. Hyaline macrospores are borne singly at 
the tips of lateral branches. They are thick-walled, almost 
spherical, and measure 8 to 18 p in diameter (Horne and William- 
son). 

Eidamia catemdata, Horne et Williamson. 

This species also decomposes pectin, though to a lesser 
extent than Eidamia viridescens. Like the latter, it pro- 
duces organic acids, but the solution of the decomposed pectin 
is not stained green and does not reduce Fehling’s solution. 

Eidamia catemdata has an hyaline, septate, and branched 
mycelium, 3 to 6 p in diameter. The conidiophores are erect, 
septate, and sometimes branched. The slender sterigmata, some- 
what swollen at the base, measure 1 to 2-5 p by 8 to 16 p. They 
occur singly or in groups on the unbranched hyphae or at the 
tips of the branched conidiophores. They may also be found at 
the tips of short swollen branches. The conidia are formed in 
chains of about an hundred. They are slightly or widely elliptical, 
acute at both ends, and measure 2 to 3-6 p by 4 to 7 p. They 
are yellow in colour. Hyaline macrospores occur singly or in 
pairs at the tips of short branches ; they are almost spherical, 
measuring 7'6 by 8-6 p, or pyriform, measuring 14 p by 10 to 
18 p (Horne and Williamson). 

The type species, Eidamia acremonioides, Harz, has been 
observed on dead plant material (Rabenhorst '"), and was 
found to develop well on seasoned wood of pine, chestnut, 
and oak (Florne and Williamson). Nevertheless, the last- 
named authors found it unable to decompose pectin or 
cellulose. 
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Sub-order: Pyrenomycethneae. 

Family: Hy'pocreaceae. 

Nectria cinnabarina, Tode. 

Syn. : Sphaeria cinnabarina, Tode. 

Sph'aeria decolorans, Persoon. 

Cucurbitana cinnaba^'ina, Pries. 

Tlie conidial form of this species was previously known 
as Tubercularia vulgaris, Tode. 

Nectria cinnabarina was studied by Schellenberg “ for its 
action on liemieelluloses and was found by him to be capable 
of breaking down those of Molinia caerulea and Lupinus 
hirsutus. 

The conidial form produces cinnabar-red pustules on decaying 
wood. After tlie production of conidiospores, the pustules serve 
as stromata for the peritheoia. The asci are cylindrical to club- 
shaped, sessile or tapering to form a small stem. They measure 
60 to 90 /X in length and 9 to 12 /a in width. The paraphyses are 
thick, branched, and generally club-shaped. The asci contain 
eight spores, in one or two rows. These are hyaline, straight or 
slightly curved, with rounded ends. They contain two cells and 
measure 4 to 7 /a in diameter and 12 to 20 /a in length. 

Although the species is normally sapi’ophytie, it is able to 
invade living trees by first getting a footing on any dead 
tissues present. Other species of this genus may possibly 
have a similar action on pectin or liemieelluloses, but no 
positive evidence for this appears to be available. 

Family : Xylarkmeac. 

Xylaria hypoxylon, Linnaeus. 

Syn. : Glavaria Ivypoxylon, Linnaeus. 

Glavaria Mrta, Batsch. 

Glavaria cornuta, Bulliard. 

Valsa cligitata, Scopoli. 

Sphaeria cornuta, Hoffmann. 

Sphaeria digitata, Bolton, 

Sphaeria hypoxylon, Persoon. 

Sphaeria ramosa, Dixon. 

Xylaria digitata, Schranck. 

Xylaria hypoxylon, Greville. 

Hypoxylon vulgare, Link. 
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This species was found by Gatin and Molliard^'^ to be 
capable of decomposing pectin and various hemicelluloses, 
including vegetable ivory. It is one of 200 species of this 
genus and is frequently found on old tree stumps. It has 
been shown by Molisch fco be capable of rendering decaying 
wood phosphorescent. 

The stromata are erect, branched or simple, generally flattened 
and sometimes cylindrical, 3 to 8 cms. high and black in colour. 
They are usually differentiated into a stem and a clearly defined 
fertile region, the latter being generally cylindrical. It is covered 
by the egg-shaped, closely-set, black perithecia. The asci are 
cylindrical, are borne on a long stem, and measure 80 /a long and 
7 to 8 in diameter. They contain eight black spindle-shaped 
ascospores which have rounded ends and measure 5 to 6 /a in 
width and 12 to 16 [x in length. 

Though this is the only species of the genus on which 
definite information is available as to an action on hemi- 
celluloses, it is highly probable that many other species of 
this genus possess similar properties. 

Sub-order: Discomycetiineae. 

Family; IleloUaceae. 
iSderotinia FucJceliana, de Bary. 

Syn. : JBotrytis cinerea,VQXsoo\\. 

For other synonyms see Rabenhorst ®. 

The conidial stage of this fungus was long known as 
JBotTytis dnerea, Persoon. It is capable of growing both 
parasitically and saprophytically, and is extremely common 
on vegetable matter. It is probably an aggregate of many 
different minor species. It is e/ipable of dissolving the middle 
lamellae of the attacked plant tissues (Brown and Blaclonan 
and Welsford^’), and according to Schellenberg ° decomposes 
the hemicelluloses of Lupinus hirsiUiis, Lupinus albus, and 
Impatiem halsamina. 

The mycelial growth forms extensive layers of grey-green, dark 
olive-green to blackish-brown colour, which appear dusty owing 
to the presence of the conidia. The conidiophores are erect, 
septate, and generally unbranched, measuring 11 to 23 yu, in 
diameter. They are coloured blackish-brown at the base and 
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along the lower part. At the top they are divided into three or 
more hemispherical pi'otuberances on which the conidia arise, 
each from a minute projection. By the continued growth of the 
tip of the conidiophore, the projections are forced sideways. The 
conidia are usually ovoid, sometimes almost spherical, and possess 
a small point at the end by which they were connected to the 
conidiophores. They measux-e 6-5 to 10 /a in width and 9 to 12 /x, 
occasionally 15 fi, in length, and may be of a brownish colour. 
The complete fructification resembles bunches of grapes, 

JBotrytis vulgaris, Fries. 

This is ’probably identical with Botrytis cinerea, Persoon, 
and it is given by Kabenhorst as a synonym for that species. 
But it should be noted that its action on heinicelluloses 
differs from that of Botrytis cinerea (Schellenberg ^), tlie 
latter being unable to decompose the hemicelluloses of MoUnia 
caerulea. In addition to these, Botrytis vulgaris decomposes 
the hemicelluloses of Lwpinus hirsutus, Lupinus albus, and 
Impatiens halsamina. It also attacks fruit in storage 
(Behrens 

Sclerotinia sclerotiormn, Brefeld. 

Syn. : Sclerotinia Lihertiana, Fuckel. 

Bc^irn sclerolionmi, Libert. 

Bliialca sclerotionm, Gillet, 

Hymenoscyplia sclerotiormn, Phillips. 
sclerotii, Fuckel. 

Pemsa Kauffmanniana, Ticliomerow. 

Mutstroemia homocatpa, Karsten. 

Bemapostuma, Berkeley et Wilson. 

De Bary^*^ found that this species destroyed the middle 
lamellae of the cells of its host and thus was capable of 
decomposing pectin. Whether it decomposes hemicelluloses 
has nob yet been established, 

Sclerotinia sclerotionmi and its I’elated species form hard black 
sclerotia. These bodies, -which in this species attain a diameter 
of more than 8 mms., consist of dense masses of closely-matted 
mycelium, constituting a very resistant resting form of the fungus. 
The mycelium itself is white, and the sclerotia arise in the first 
place as white spherical cushions ; these gradually harden and 
become black on the surface, but remain white internally. From 
one sclerotium several long slender stems may ailse bearing 
apothecia. These are closed when young, but later open out to 
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become funnel-sliaped, and finally become almost flat. They 
are light brownish-yellow in colour, and measure about 1 cm. in 
diameter. Within, they bear long cylindrical asei interspersed with 
filamentous paraphyses. Each ascus contains eight hyaline spores 
which are elliptical, measuring 9 to 13 /x by 4 to 6 fx. Unlike 
some of the related species, this fungus has no ‘ Botrytis' stage. 

(The above description is compiled from various sources.) 

Order: Basidiomycetales. 

The biochemical reactions of these fungi have only been 
studied in comparatively few cases, but, as Schellenberg ^ 
lemarks, there is every reason to believe that they decompose 
not only cellulose and lignocellulose, but also pectin and 
hemicelluloses. A detailed description of some of these 
types is given later under the cellulose-decomposing fungi. 

FUNGI IMPERFECTI. 

Order : Hyphomycetales. 

This appears to be the only order of the Fungi Im 2 Je'>fecti 
containing saprophytic species which have actually been 
shown to decompose pectin or hemicelluloses. 

Family: Mucedinaceae. Sub-family: Hyalosporae. 

Subdivision : Oosporeae. 

Monilia sitophila, (Montague) Saccardo. 

This fungus is utilized by the natives of Java for the 
preparation of ‘ Ontjom ’ cakes, a food prepared from the nuts 
of AmcUs hypogaea. From the information supplied by 
Went it appears that the fungus is capable of' dissolving 
the pectin of these nuts; whether it also decomposes the 
hemicelluloses present is not clear. Its behaviour towards 
cellulose will be discussed later. 

Went^” describes the fungus as forming a much-branched 
mycelium of septate hyphae on solid media, the diameter of the 
hyphae depending on the medium. The conidiophores show 
a well-developed tree-like branching and bear chains of oonidia 
which may be either branched or unbranched, and which are 
formed 'by segmentation of a branch of the conidiophore. When 
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food is abundant the conidia often occur in large groups. The 
individual conidia may sometimes bud — an occurrence which is 
regarded by Went as a premature germination. Thereby a new 
branch or string of conidia arises. The partition walls of the 
conidiospores are thicker in the centre, and under high magnifica- 
tion are seen to consist, when the conidia reach maturity, of 
strands of intercellular substance separating the spores. The 
diameter of the conidia varies between 5 and 14 ji. 

Went states that brown perithecia, measuring OT to 0*2 mms. 
in diameter, are formed in old cultures in the presence of abundant 
food-supply. This indicates that the fungus should be taken out 
of the Fungi Iinperfecti and placed in the Ascomycetales. 

Sub-family: Hyalodidymae. 

Trichothecium roseum, Link. 

Syn. : JPuecinia rosea, Corda. 

Dactylium roseum, Berkeley. 

Ge^phalothecium roseum, Corda. 

GepJialothecium candidum, Bonorden. 

This species is a widely distributed saprophyte on dead and 
decaying vegetable matter. It occurs parasitically on apples. 
Schellenberg® found it to be capable of decomposing all the 
hemieelluloses tested by him, including that of tlie seed of 
I^hoenix dactylifera, Heller^”, however, could not observe 
any action either on this or on the hemicellulose of the 
endosperm of PliyteU'phas onacroGarpa (vegetable ivory). 
That it must be capable of decomposing pectin is clear from 
its destruction of apple tissues. 

The colonies of this species form a powdery covering on the 
surface of the substratum, and are white at first, but later become 
rose-red. Like the hyphae of the mycelium, the conidiophorea 
are septate and generally unbranched, with little or no terminal 
swelling. The conidia arise singly or in clusters from the tip of 
the conidiophore, and are pear-shaped, with a constriction at the 
region where a septum divides the spore into two cells. They are 
at first hyaline, but later rose-coloured, and measure 8 to 10 /a in 
width by 12 to 18 g in length. 

Other species of this genus, such as Trichothecmm domeati- 
mm, Fries, and Trichothecium suhlutescens, Peck, have been 
found on dead plant tissues, and may possibly decompose 
pectin and hemieelluloses. Definite proof of this, however, 
appears to be lacking. 
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Family: Dematiaceae. Sub-family: Phaeodidymae. 

Subdivision : Gladosporieae. 

Gladospoviu'ni heThciT'wm, Persoon, 

Syii. : PcMatiuni ]ierbctrum,f Persoon. 

Adadium herb arum, Link. 

Cladosporhim herbarum, Link. 

Byssus caespitosa, Eothert. 

JDemaUum brassicae, Persoon. 

JDcmatium conicum, Schumann. 

Penicillium dadosporoides, Saceardo. 

Hormodendron dadosporoides, Fresenius. 

Janczewski considered this to be the conidial stage of an 
ascomycete, Mycosphaerella Tulasnei, but his view is not supported 
by other authors. Many writers, e. g. Saceardo ", Laurent 
Massee Frank Costantin Arnaud have attempted to 
establish a relationship between this fungus and JDematium 
puUulans, de Bary. It appears certain, however, from the 
researches of Schostakowitsch^’, Berlfese"®, Brooks and Hansford ^", 
and Ploggan that there is no connexion between Gladosporium 
herbariim and Bematium pullulans. 

Gladosporium herbarum is regarded by Ruschmann® as 
the chief dew-retting micro-organism of flax and hemp. Its 
action on hemicelluloses was studied by Schellenberg who 
found it to be capable of decomposing the hemicelluloses of 
Molinia caerulea, Lup)inus hirsutus, and Lup)inus albus, 
Brooks and Hansford-*^ found it producing black spots on 
Laminaria digitata, where it may have been active as an 
hemicellulose-d ecomposer. 

The mycelium of this species forms a velvety yellowish-gi’een 
to greenislyblack covering on the medium on which it develops. 
The conidiophores are erect, septate, sparingly branched, olive- 
green to brown in colour, and measure 6 to 10 /x in diameter. 
They vary considerably in height, reaching as much as 0-3 mms. 
The conidiospores are oval and arise at the sides of the conidio- 
phores as groups of budding yeast-like cells. They vary in shape, 
are oblong or ovoid, and unicellular when young, becoming 
cylindrical or ellipsoid later, and then consist of two to five cells. 

Brooks and Hansford ""give the following more detailed descrip- 
tion of the formation of the conidiospores : The conidia originate 
with the cutting-off of the tip of the conidiophore by a trans- 
verse wall.^ This forms the first conidium, and from this a second 
conidium is formed by a process of budding, each conidium of 
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a chain arising as a bud on that immediately behind. The 
youngest conidium is, therefore, at the distal end of the chain, the 
oldest being next to the conidiophore. The cell of the conidio- 
phore immediately below the first conidium usually grows out to 
form a second conidium from which another chain of conidia buds 
out. The young conidium is cut olf from its parent by a transverse 
membrane which thickens at both ends of the conidium as the 
latter grows. When the conidia separate, they do so by fission 
along the line of the membrane. For this reason many of the 
conidia are lemon-shaped. 


Family: Tuberculariaceae, Sub-family: Tuber mlariaceaG 
mucedineae. 

Subdivision: Phragmosporae. 

Fusarium species. 

The genus Fusarium undoubtedly contains a number of 
species which must be able to decompose both pectin and 
hemicelluloses, since they are frequently found on decaying 
vegetable tissues, including cellulose fibres and fabrics. 
Unfortunately these types are described in the literature 
under their generic name only, and an enumeration of the 
various saprophytic species associated with the decomposition 
of pectin and hemicelluloses is therefore not possible. 


CHAPTER VI* 


TPIE EUMYCETES. GROUP B. 

Group B. Eumycetes decomposing ceUuIose and lignin. 

Order: Ascomycetales. Sub-order: Plectasciineae. 

Family : Gymnoascaceae. 

Myxotvichum chaTtctrum, Kunze. 

This species was occasionally found by See on mildewed 
paper. It produces a pigment which stains the attacked 
paper deep brown (see Table II, p. 291). 

In liquid cultures the early stages of the mycelial growth form 
a network of snow-white filaments spreading from the point of in- 
oculation. At this stage the growth resembles that of the genus 
Uiaetomium. Later, the mycelium forms small circular, slightly 
convex masses floating on the liquid. These gradually spread and 
cover the surface with a thin somewhat gelatinous veil, dotted 
with small black spots visible to the naked eye. These are the 
ascigeious masses, which are formed in about 6 weeks, provided 
thaf development occurs at a temperature of not less than 20° 0. 
When mature the fungus consists of (1) a central mass of asci, 
(2j a netwoidc of black filaments, and (3) large crozier-shaped 
hyphae radiating outwards. The central mass of asci is yellowish 
in colour. The ivalls of the asci gelatinize before ripening. The 
asci represent the swollen ends of extremely fine hyiihae. When 
ripe they measure 5 to 6 by 6 to 8 and contain 8 ovoid spores 
measuring 2’6 to 3 by 4-5 /a. These are almost colourless or 
very pale yellow. On resolution of the cell walls of the asci, the 
8 spores adhere together and remain in place. The deep brown 
to black network consists of di- or trichotoinously branched hyphae 
the whole mass attaining a diameter of 500 to 700 /x. The crozier- 
like hairs measure 2-6 /x at the base and 150 /x in length. A second 
crozier sometimes arises from the curved portion of the first 
ihe coil terminates in a point (See 

* The references given in Chapters Y and VI (The Eumycetes, Groups A 
and B) are numbered consecutively as though for a single chapter. They 
will bo found at the end of Chapter VI on pp. 166-8. 
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EidamelLa spinosa, Matruchot et Dasaonville. 

This was found by See on mildewed paper. It stains 
the attacked paper dark brown (see Table II, p. 291). 

The couceptacle is tufted with a covering of thick- walled, much- 
branched hyphae which turn black. At the distal end they are 
hyaline and bear at the base 1 to 5 spirally convolute branches. 
The numerous asci are ovoid, 6 to 7 p, by 3 to 4 /x, and bear 8 ovoid 
to fusiform hyaline spores. 


Family : Aspergillaceae. 

The genus Aspergillus is often referred to in the literature 
as a cellulose decomposer without details being given of the 
species studied. The most interesting of these references is 
that of Ellenberger and his collaborators who report that 
a species of Aspergillus termed Aspergillus cellulosae occurs 
widely distributed in the alimentary bract of man and 
animals. It is stated to decompose cellulose at the rate of 
about 59 per cent, of the amount present in fifty days. That 
it should have any bearing oil the destruction of cellulose in 
the intestine, as these authors consider, is most problematical 
in view of its slow action. In 1919 Hopffe gave a fairly 
detailed description of this fungus. Eeference to this will be 
found on pp, 98-9. 

The following species of Aspergillus have been shown to 
be capable of attacking cellulose. 

Asp)ergiUus hrunneofuscus^ Sde. 

This was found by Sde to produce mildew on paper and 
was regarded by him as a typical paper-destroying type (see 
Table II, p. 291). 

The growth of this species, which develops rapidly in pure 
culture, is brown to almost black. The base of the conidiophores 
is septate — a rare occurrence in Aspergillus species. They are 
sometimes branched and measure 10 to 16 /x by 160 /x. The 
vesicle is ovoid or almost spherical and 86 to 40 /x in diameter. 
The unbranched skittle-shaped sterigmata are inserted singly on 
the upper part of the vesicle and measure 6 to 8 /x by 20 to 26 /x. 
The conidia may be spherical or more often ovoid and measure 
8 to 16 p, in diameter, occasionally as much as 18 /x. Their surface 
is papillate. The whole fructification has a diameter of about 76 /x. 


THE EUMYCETES. GROUP B 


97 

The species secretes a deep garnet-brown pigment sufficient to 
colour the whole medium in which the fungus is grown. Peri- 
thecia are formed (See 

Aspergillus clavatus, Desmazieres. 

This species was shown by Scales to decompose the 
cellulose of filter paper in the presence of ammonium sulphate. 

The growth is usually green with a tinge of blue-grey. On 
ageing it becomes^ discoloured. The hyphae of the mycelium 
measure 2 to 3/^ in diameter. The conidiophores are eiect, 1 to 
2 mms. in height and 16 to 20 p, in diameter, terminating in an 
elongated vesicle of the dimensions 35 by 160 /i. The whole 
fructification reaches a size of 70 to 120 /x by 150 to 250 /x. When 
older it is generally less elongated. The sterigmata are unbraached, 
delicate and skittle-shaped, measuring 2-5 to 3 /x by 7 to’S/x. The 
spores, which are almost hyaline, are smooth and oval, and are 
formed in long chains. They measure 3 ^ by 3 to 4*5 /x. 

Aspergillus flavus, Link. 

This was shown by Scales to decompose cellulose. 

A description of its morphological characters is given under 
Group A (Chapter V). 

Aspergillus fumigatus, Frcsenius. 

McBeth and Scales found that this species decomposed 
pure cellulose in the form of ‘cotton- wool or precipitated filter 
paper. Lignocellulose in the form of rye straw or cherry 
wood shavings was not attacked. Its cellulose-decomposing 
properties were confirmed by Scales and Heukelekian^ 
regards it as one of the most active cellulose decomposers in 
the soil. Cohn regarded the oxidizing action of the enzymes 
of this fungus as responsible for the spontaneous heating of 
germinating barley, an assumption which is not very well 
substantiated. 

The morphological characteristics of the species are described 
under Group A (Chapter V). 

Aspergillus glaucus, Saccardo. 

As a cause of mildew this species was reported present on 
paper by Sde and in cotton goods by Davis, Dreyfus, and 
Holland and by Reiners 

- H 
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A description of its morphologj^ is given under Group A 
(Chapter V). 

As'pergillus nidulans, Eidam. 

Syn. : Sterigmatocystis nidulans, Eidam. 

Aspergillus nkhilans, Winter. 

This species was found by Scales to be capable of destroy- 
ing cellulose in the presence of amiiionium sulphate, but not 
of peptone. 

The mycelium when young is orange greenish, but on ageing 
becomes light green to dirty green. The hyphae measure 6 [j, in 
diameter. The hyaline conidiophores become brownish with age. 
They attain a height of 0-2 to 0*8 mm., are septate, branched, and 
thick walled. .Their diameter varies between 8 and 10 fi. The 
vesicle is but little developed and measures 16 to 20 /x in diameter. 
The hyaline steriginata are branched, slender when young, and 
swell on ageing. The primary steriginata measure 8 /x in length 
and the secondary only 7 /x. They are borne at the top of the 
vesicle. The conidiospores are spherical, smooth or echinulate, 
3 (JL in diameter, and are formed in long chains which often adhere 
to form large masses. 

AspergilliLS wiger, van Tieghem, 

Though van Iterson, jr.'*'®, considered tliat tlie cellulose- 
decomposing properties of this species were wealc, Aspergillus 
Qiiger seems to be extensively met w,itli where cellulose decays. 
Scales'^'*' confirms its powers of destroying cellulose and Gerry 
finds that when growing on wood its hyphae do not perforate 
the cell wallsj but penetrate through natural openings, thus 
indicating that it does not decompose lignifled cellulose. As 
a cause of mildew it has been observed by Armstead and 
Harland Reiners and Bright, Morris, and Summers on 
cotton goods. It has been found also on a sample of Manila 
hemp which showed a large percentage of brittle and dis- 
coloured fibres. 

A description of Aspergillus niger is given under Group A 
(Chapter V). 

Asgjergillus cellulosae, Hopffe. 

This type, which is claimed to be closely related to Aspergillus 
niger, is stated to have a vesicle of a diameter of only 4 to 6 /x and 
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a height of 7 to 11 /x,. The sterigmata are slenf^y ^ to ^ ^ 

The coniclia are formed in short chains of 2 to 3 ^ j^d^sibly more. 

The spores are grey-brown to black and irre|iilaiS‘ in . shape, 
occasionally short elliptical, smooth when young, 

when older. * >^3 AL' 

Aspergillus oryzae, Ahlburg. 

Scales found that this species has cellulose-decomposing 
properties. 

Its morphological characters are described under Group A 
(Chapter V). 

Aspergillus sulphureus, Desmazieres. 

This species was occasionally found by See It discolours 
the paper a yellowish brown to rust colour by the secretion 
of a pigment (see Table II, p. 291). 

Its colonies are light brown when young, but darken with age. 

The yellowish hyphae measure 2-5 to 3-6 fi in diameter. The coni- 
diophores are erect and often aggregated into coremia. They show 
no septation, are hyaline, and measure 4-5 by 230 /r. The vesicle 
is inverted, pear-shaped, or spherical. Its maximum measurement 
is 15 to 30 fjL, The sterigmata are forked. The conidia are more 
or less spherical, yellowish to yellowish-brown, smooth, and 
measure 2-5 by 3 fi. They are borne in chains without inter- 
mediate connexions. The long chains arise from the whole 
surface of the vesicle. The whole fructification measures 50 /x in 
diameter (Sde 

Aspergillus Wentii, Wehmer. 

This species is claimed by Wehmer to decompose cellulose, 
a view which is supported by Scales who found it to be 
capable of destroying cellulose in the presence of ammonium 
sulphate,, but not of peptone. 

Its morphological characters were described under Group A 
(Chapter V). 

Penicillium species. 

As in the case of Aspergillus, insufficiently named and' 
described species of Penicillium are often referred to in the 
literature as cellulose decomposers. Thus, Carbone records 
the action of two species on cotton hairs, which were weakened. 

Otto mentioned two species decomposing cellulose, while 

H 2 
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Davis, Dreyfus, and Holland^'’', Osborn Levine and Veitcli 
Armstead and Harland Reiners and Bright, Morris, and 
Summers''’^ observed others as mildew on cottbn goods. 
Hauman and Ruschmann ® remark on the presence of 
PeniG'illiuin species on dew-retted flax fibres and on flax and 
hemp. lieukelekian ^ considers Penicillium and the closely 
related OUromyoes among the most important cellulose-decom- 
posing fungi of the soil. 

The following species have been reported as capable of 
decomposing cellulose. 

Pewic/illmm africanum, Doebelt. 

This decomposed cellulose in McBeth and Scales’s experi- 
ments. 

The only available morphological data of this species refer to 
the mycelium. This is greyish-white when young ; later, Mdien 
conidiophores are formed, the colonies become green to dark green 
and show a yellowish fringe, possibly due to the production of 
a pigment. The oval conidia measure 2-4 by 2*7 to 3 /x. 

Penicillvmi chrysogGn'imi, Thom. 

Destroyed cellulose in Scales’s expei'imonts. 

Grrown on gelatine and i^otato agar the species forms a grey- 
green spreading growth which becomes brownish with age. The 
margin of the growth is sterile when young. The reverse of the 
colony shows no discoloration. The conidiophores usually arise 
separately, sometimes as short branches of aerial hyphae. Tliey 
generally measure 4 /x in diameter and up to 0-3 mm. in length. 
The actual fructifications reach a length of 100 to 200 /x, with one 
or two alternate divergent branches, bearing alternate verticillate 
or twice verticillate branchlets. Tiie sterigmata measure 2-6 by 
8 /X, are verticillate, and bear radiating chains of conidia. The 
first conidia formed are cylindrical to elliptical, the later more 
spherical, being 3 to 4 /x in diameter. They are pale green and 
contain large vacuoles. 

On many media the species produces a golden yellow pigmenta- 
tion (hence its name). It liquefies gelatine. It is also capable of 
coagulating milk in the presence of 0-26 per cent, calcium chloride 
(Thom““). For further physiological reactions on various media 
see Thom. 

Penicillium claviforme, Bainier. 

Is regarded as a powerful cellulose decomposer by McBeth 
and Scales and by Scales 
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Grown on lactose gelatine or potato agar the mycelium forms 
white to grey colonies, the surface of which are composed of 
loosely arranged floccose hyphae, bearing simple but definitely 
penicillate fructifications between the bases of white or yellowish 
branched or unbranched coremia which attain a length of 1 to 
2 cms. The coremia are fertile only at the top. The simple 
conidiophores are sparingly branched, possessing small verticils 
of sterigmata which measure 2 by 9 to 10 p,. The coremial 
fructifications consist of densely branched interwoven hyphae 
producing verticils of sterigmata which are crowded into a false 
hymenium and j)roduce chains of olive-green conidia, adhering to 
form large masses. They reach a length of 1 to 3 mms. The 
ellipsoidal conidia measure 3 by 4-5 p,. They are green, homo- 
geneous, and possess a connecting link. The conidial chains do 
not break up in fluid media. 

The species only partially liquefies gelatine, and coagulates 
milk, in the presence of 0-26 per cent, calcium chloride. It slowly 
peptonizes milk (Thom For further physiological reactions 
see Thom. 

Penicillium divaricahim, Thom. 

Though Scales did not find any action on cellulose by this 
species, Gerry records it as one whicli is capable of pene- 
trating the cell walls of wood. Its behaviour towards cellulose 
and wood evidently requires reinvestigation. 

Grown on gelatine or bean agar the colonies are brown to hazel, 
never green. The species spreads widely in the substratum. The 
aerial growth consists of closely woven fertile hyphae which 
become powdery in appearance on maturing. The I'everse of the 
colony is not discoloured. The conidiophores are usually short, 
septate, and mostly creeping. The conidia are formed' either 
terminally or on short branches consisting of separate sterigmata, 
which are borne as verticils, or as series of verticillate branches 
and sterigmata irregularly distributed along the fertile hyphae. 
The cells on which the pointed sterigmata are borne measure 3 
by 16 to 20 /X. The conidia, which are pi’oduced in long chains, 
are elliptical to fusiform, and measure 2>6 to 3 /a by 6 to 7 /x. They 
are yellowish to brownish, and on germination swell to a size of 
10 /X. Two or more tubes are produced by each spore. 

The species do not liquefy gelatine. Milk is curdled in the 
presence of 0-26 per cent, calcium chloride (Thom For further 
physiological reactions see Thom. 

Penicillium Puclauxii, Delacroix. 

In Scales’s experiments this species decomposed cellulose in 
the presence of ammonium sulphate. 
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Grown on gelatine tlie colonies are clear dark green, changing 
to olive-green when older. The aerial growth consists of crowded 
conidiophores, usually arising singly from the substratum, but 
sometimes producing short coremia. Long coreinia are formed 
abundantly on oranges, in milk, on potato, and on all media rich 
in saccharose. The single conidiophores are very short, reaching 
a height of only 10 to 50 p.. When produced on the coremium, 
they are only found on the uppermost third of it. They show one 
or two septa and bear a simple conidial fructilication or a terminal 
fructification and in addition a divergent lateral branch with 
a whorl of conidiiferous cells (sterigniata ?). The conidial fructifi- 
cation often reaches a length of 100 to 160 /a. The conidia are 
elliptical to fusiform and measure 2 to 2*5 /a by 3'5 to 4/x. They 
are green and smooth when young, and wrinkled when ripe. 
Their content is homogeneous. 

The species liquefies gelatine and produces a pigment in sugar- 
containing media which is wine-red by alkaline reaction and bile- 
yellow in acid media. Milk is curdled in the presence of 0-25 per 
cent, calcium chloride (Thom®''). For further physiological 
reactions see Thom. 

JPemcillium expansum, (Link) Thom. . 

This is the name given by Thom to a species wliich includes 
a part of the former collective species Powwllll/mn glaumm, 
Link, and Penicillium OTUstaceum, Fries. Tlio loriner is 
generally recorded as a non-celluloso-decomposing species, but 
Miyoshi finds that it is capable of perforating membranes 
containing cellulose, partly througli mechanical Jiction and 
partly through enzymatic activity. Scales working with 
a culture of Penioillium expansum obtained from (riiom, 
observed decomposition of cellulo.so by this culture. As a 
cause of mildew on cotton goods it lias been mentioned by 
Davis, Dreyfus, and Holland and by Reiners Hauman 
found it among the micro-oi'ganisms present on dew-retted 
flax fibres. 

The morphology of Peni&illium expansum is given under 
Group A (Chapter V). 

Penicillium funiculosum, Thom. 

This was found by >Scales to decompose cellulose in the 
presence of ammonium sulphate. 

Cultivated on gelatine or potato agar the colonies are deep 
green and widely spreading. The surface, consisting of pro- 
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cumbent hyphae, tufts, and ropes of liyphae, appears powdery. 
The hyphae bear lateral conidiophores. With age the reverse of 
the colonies becomes red, purple, to almost black, the pigmenta- 
tion penetrating throughout the medium. The conidiophores, 
which reach a height of 20 to 100 /r, usually arise perpendicularly 
from trailing hyphae, but may arise separately from the substratum. 
The conidial fructifications reach a length of 125 to 160 [i, and 
consist of one or two closely set branches, which bear verticillate 
bi’anchlets and dense verticils of parallel sterigmata, measuring 2 
to 3 /X by 10 to 14 jx. The earlier conidiaare cylindrical, the later 
elliptical or fusiform, 2 to 3 /x by 3 to 4 /x. They are greenish in 
colour. The chains break up completely when immersed in 
liquid. 

The species does not liquefy gelatine in two weeks. Milk is 
curdled in the presence of 0-25 per cent, calcium chloride, and 
coremia are formed in this medium in old cultures (Thom For 
further physiological reactions see Thom, 

Penicillium granulatum, Bainier. 

This species decomposed cellulose in Scales’s experiments. 

Grown on gelatine or potato agar the irregular colonies are 
yellowish-green to grey or greyish-brown. Their aerial growth 
consists of massed small coremia, 1 to 3 mms. or less in height, 
mixed with floccose hyphae and separate conidiophores. The 
reverse of the colonies is reddish-orange. Characteristic for this 
species are delicate granular or spinulose hyphae. The conidio- 
phores measure 4 to 4-6 /x in diameter. The conidial fructifica- 
tions are usually 100 to 200 /x in length, once or twice verticillate, 
and with many sterigmata, measuring 2 to 2-6 /x by 9 /x. The 
conidial chains are long and divergent, the older spores being 
cylindrical and the younger spherical, measuring about 2-6 to 3 /x 
by 3 to 3-5 /xi They are yellowish-green and adhere closely to 
one another ; they are not, therefore, readily separated on 
immersion in liquid. Their content is granular. 

The species does not liquefy gelatine and milk is not coagulated 
(Thom For further physiological reactions see Thom. 

Penicillium intrioatiim, Thom. 

A destruction of cellulose by this species was observed by 
Scales'll 

Grown on gelatine the colonies are white, grey to greenish-grey, 
becoming darker grey on ageing. The older colonies- consist of 
a mass of interwoven hyphae and ropes of hyphae, the latter 
measuring 1 to 3 mms. in diameter. The reverse of the colonies 
is more or less sulphur-yellow or even brownish when the fungus 
is grown on sugai'-containing media. The conidiophores are 
usually formed as branches of aerial hyphae, and reach a height 
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of 30 to 50 /X. The length of the coniclial fructifications varies 
between 50 and 140 /x, the longer occurring in old cultures grown 
on sugar-containing media. They consist of simple verticils of 
sterigmata, or of 1 to 3 verticils on divergent branchlets, or of 
branchlets and sterigmata in the same verticil. The sterigmata 
measure 2 to 2-5 /x by 8 to 10 /x, 4 to 10 being present in each 
verticil. The chains of conidia are frequently aggregated into 
loose columns. The conidia are elliptical to spherical, hyaline or 
pale greenish. They measure 2-5 to 3 p. in diameter. The cell 
wall is thin and smooth and the contents granular. The chains 
do not break up on immersion in liquids. 

Gelatine is not liquefied by this species. Milk is slowly curdled 
in the presence of 0-25 per cent, calcium chloride. Grown on this 
medium the mycelium is sulphur-yellow (Thom For further 
physiological reactions see Thom. 

Penicillium lanosum, Westling. 

This species decomposed cellulose in Scales’s experiments. 

Grown on prune gelatine the colonies are woolly, greyish-green 
in colour, with a wide sterile margin. The reverse of the colonies 
is colourless or has a yellowish tinge. The conidiophores are 
penicillately branched at the top, smooth, 8-4 to 4*0 /x in diameter 
and up to 1 mm. in length. Tho ‘ metulae ’ (branches bearing the 
sterigmata) measure 3 to 4-6 /x by 12 to 14 /x, and the sterigmata 

2 to 27 /X by 7 to 9*6 /x. The conidia are small, spherical, uniform, 
smooth, or slightly rough, and 2*2 to 3 /x in diameter. Gelatine 
is slowly and only partly liquefied (Westling®"). 

PeniGillmm luteum, Zukal. 

Woltje®’- asserts that this species has no action on filter 
paper. McBeth and Scales and Scales on tho otlicr hand, 
record it as a cellulose decomposer. 

The growth on sugar-gelatine or potato agar is usually white or 
grey. On media without sugars it may show greenish areas of 
conidial fructifications. The aerial growth, particularly of hyphae- 
producing asci, may show a reddish coloration. Such growth 
takes several weeks to develop. Tho colony spreads irregularly 
on the substratum and has a close floccose appearance. The 
reverse of the colony is more or less reddish, particularly on 
sugar-containing media. The scanty conidiophores usually arise 
as lateral branches of aerial hyphae and measure 8 /x by 20 to 

3 00 /X, mostly 30 to 60 fx. The whole fructification attains a length 
up to 80 /X. It frequently possesses a single lateral branch with 
but t-wo^ verticils of long acuminate sterigmata, measuring 8 to 
4/x by 18 to 36/x. The conidia are elliptical to fusiform, 2'8 by 
2*4 /X with rather firm walls, and are greenish in colour. On 
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germination they swell and produce 1 or 2 tubes. Grown on 
sugar- or starch-containing media they sooner or later produce 
ascigerous wefts of hyphae, which measure from 0-6 to 2 mms. in 
diameter. They are spherical and coloured yellowish to red. The 
asci are red, spherical to fusiform, and measure 7 to 7-8 p. by 8’8 fx. 
The ascospores measure 3-3 by 4-8 jx and are hyaline to reddish. 

The species does not liquefy gelatine, or does so very slowly. 
The growth on milk is scanty and does not produce curdling 
(Thom For further physiological reactions see Thom. 

Penicillium notatum, Westling*. 

This species gave a positive result when tested for cellulose- 
destroying powers in Scales’s experiments. 

Grown on j)rune gelatine the colonies are floccose, greenish-blue, 
with a wide sterile margin. The reverse of the colonies is 
yellowish. The conidiophores are penicillately branched at the 
top, smooth, 2-8 to 4-6 yu, in diameter and up to 760 fx long. The 
‘metulae’ (branches beaidng the sterigmata) measure 3 to 4-6 yu, 
by 10-5 to 14 fx, and the sterigmata 2-2 to 3 yu. by 7 to 8 /x. The 
conidia are smooth, almost spherical, and measure 2-6 to 3-2 fx 
in diameter. Gelatine is liquefied rapidly (Westling '’®). 

Penicillium pinophilum, Hedgcock. 

Syn. : Penicillium aureum, Corda em. Hedgcock. 

In McBeth and Scales’s experiments this species caused 
a destruction of cotton and filter paper. It had no action 
on lignified cellulose. Clark and Scales regard it as one of 
the most active cellulose-destroying fungi present in soil. Cul- 
tures grown artificially on a medium containing ammonium 
sulphate and peptone reduced filter paper to a soft pulpy mass 
in about two weeks. 

On lactose gelatine or potato agar the colonies are green ; on 
other agar media containing starch or cane-sugar they are yellow- 
green to bright yellow or orange. Grown on acidified media the 
aerial hyphae are studded with yellow granules. The reverse of 
the colonies on such media is deep red. The surface growth 
consists partly of simple conidiophores, partly of aerial hyphae, 
and partly of ropes of hyphae, rarely transformed into vertical 
coremia. Conidiophores are borne as lateral branches on these 
ropes of hyphae. The conidiophores attain a height of 100 to 
200 yU.; the actual fructifications reach up to 120 /a. They consist 
of single verticils of branches measuring 2 to 2'5 /a by 10 to 16 fx, 
and bear whorls of cells 2 to 2-6 /a by 13 to 15 yu, which taper into 
acuminate sterigmata bearing parallel chains of conidia. The 
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eJliptieal conidia, measuring 2/x by 3 to 3*0 /x are smal], pale green 
to yellowish-green. 

The species liquefies gelatine slowly and incompletely. It is 
responsible for discoloration of commercial timbers. Development 
is slo^v on milk, and coagulation tardy, even in the presence of 
0-26 per cent, calcium chloride (Thom For further physio- 
logical reactions see Thom. 

Penicillmm puiyurogenum, Stoll. 

Scales finds this species capable of destroying cellnlose. 
Woltje however, could not find that it had any action on 
filter paper. 

The growth on lactose gelatine and potato agar is greyish-green 
to brown or olive. On media containing cane-sugar the colour is 
a somewhat deeper green. The surface growth is closely floccose, 
almost velvety, and spreads slowly over the substratum, producing 
a red soluble pigment. Grown on acid media rich in sugar 
a secondary floccose white mycelium arises, studded with hyphae 
wnth yellow granules. The conidiophoros measure 3*6 /x by 100 
to 300 /X, and arise separately, or from portions of hyphae just 
above the surface of the substratum. The conidial fructification 
reaches a length of 60 to 100 /x, and is composed of one verticil of 
branches, sometimes with a secondary or partly secondary verticil. 
They bear whorls of cells 2'6p, by 11 to 12 /x, which naiTow 
abruptly to form sterigmata at their apices. The conidial chains 
are long and divergent. The elliptical spores measure 2 to 2'5 /x 
by 34 to 3-8 /X. They are granular and contain one or several 
highly refractive granules. The conidial chains lireak up readily 
when immersed in liquid. 

The species slowly liquefies gelatine, and curdles milk in the 
presence of 0-26 per cent, calcium chloride in 13 days (Thom 
For further physiological reactions soe Thom. 

Penicillmm PoquefoHi, Thom. 

Syn. ; Penicillmm glaumm some authors, but not Link or 
Brefeld. 

Here again Scales finds a decomposition of cellulose, 
whereas Woltje records negative results. 

Grown on lactose gelatine or potato agar the colonies quickly 
become green and, on ageing, dirty brown. They spread 
irregularly over the surface by means of main radiating and 
branched hyphae with short prostrate aerial loops. The appearance 
of the colonies is distinctly velvety. The reverse of the colonies 
IS yellowish-white. The conidiophores arise separately and in 
aciopetal succession from the growing parts of the submerged 
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liypliae. They are sepfate and reach a height of 200 to 300 /x. 
The fructifications measure 90 to 120 /x, sometimes 30 to 60 /x by 
160 /X, and at the broadest part usually aj^pear double, owing to 
the divergence of the lowest branch. The branchlets are irregu- 
larly verticillate, bearing crowded verticils of appressed sterigmata 
measuring 2'5/x by 9 to 11 /x, on which long divergent chains of 
conidia are borne. The conidiophores are bluish-green, cylindrical 
to spherical, with a smooth rather firm M^alJ, and measure 4 to 
5 /X in diameter. On germina;tion each produces a single straight 
tube. 

The species does not liquefy gelatine, but softens it somewhat. 
Milk is curdled in 10 days in the presence of 0-25 per cent, 
calcium chloride (Thom®^). For further physiological reactions 
see Thom. 

Penicillium roaeum, Link (?). 

This species is reported by McBeth and Scales to be a 
moderately active cellulose decomposer. 

Grown on lactose gelatine or potato agar the colonies are 
white, shading into pink or salmon colour in the fruiting areas. 
The surface growth is floccose, consisting of simple hyphae and 
ropes of hyphae producing in old cultures dense irregular pinkish 
masses of sclerotia, up to 1 mm. or more in size. The conidio- 
phores are borne as perpendicular branches of aerial hyphae or 
of the ropes of hyphae, and measure 46 to 126 /x in height. The 
conidial fructifications, which attain a length of 140 /x, are once or 
twice irregularly or verticillately branched, with spore-bearing 
cells varying from 2 to 3 /x by 12 /x, in the verticils of live or less, to 
2 to 3 /X by 17 /X when solitary. These sterigmata bear conidia 
which become aggregated into gelatinous masses. Though the 
conidia appear colourless when viewed singly, they are pink to 
rosy ill mass. They measure 3 to 5 /x by 6 to 7 /x, are slightly 
apiculate, smooth, and delicately granular within. 

The species rapidly liquefies gelatine (Thom 

Penicillium 7'ugulosum, Thom. 

The cellulose- decomposing properties of this species were 
observed by McBeth and Scales and by Seales 

■ Grown on gelatine or bean agar the colonies are yellowish- 
green, later becoming green to dark green. The surface growth 
consists of densely crowded conidiophores interspersed at the base 
with few aerial hyphae. The reverse of the colonies is yellow to 
orange in patches, particularly when grown on agar or sugar- 
containing media. The substratum is only discoloured a slight 
yellow, if at all. The conidiophores, which measure 2-6 to 3/xby 
100 to 200 /X, arise separately or as branches of aerial hyphae 



108 MIGRO-OKGANISMS ASSOCIATED WITH DECOMPOSITION 

. immediately above the substratum. The fructifications attain 
a length of 100 to 150 /a and consist of appressed verticillate 
branches measuring 2-5 /a by 10 to 15 p,. These bear verticils of 
spore-bearing cells, or of branchlets, or of spore-bearing cells and 
branchlets together. The spoj-e-bearing ceils measure 2/x by 9 
to 12 p,, and are pointed at the end. They bear divergent chains 
of conidia which are elliptical, measuring 2-6 to 3 p, by 3-4 to 
3-8 iM, and usually show a swelling at one end. They are green 
and become wrinkled when ripe. On germination they swell 
to 5 p- and produce 1 or 2 tubes. 

The species does not liquefy gelatine or does so only partially. 
Milk is curdled in 9 days in the presence of 0-25 per cent, calcium 
chloride (Thom For further physiological data see Thom. 

Fenicilliuvi spinulosum, Thom. 

This species was observed by Scales to destroy cellulose in 
the presence of ammonium sulphate. 

Grown on gelatine the colonies are deep green and spread 
widely over the medium. Their broad margin is stexnle when 
young. The aerial portion consists of conidiophores and scattered 
aerial hyphae. The reverse of the colonies is not discoloured. 
The_ conidiophores measure 3 to p, by 150 to 300//, or more. 
Their apices are enlarged to 5 //,. Each conidiophore bears a single 
verticil of spore-bearing cells measuring 2 to 3 //, by 6-9 to 11 /x, 
The conidial fructification forms a close column of spore chains 
reaching a length of 300 to 500 /x and a width of 15 to 30 /x. The 
conidia are pyriform to spherical, 3 to 8‘5 /x by 3-6 to 4 /x, very 
thin-walled, smooth when young, and later delicately wrinkled or 
spinulose. They are yellowish-green when young, later becoming 
smoke-grey. 

The species liquefies gelatine slowly and curdles milk slowly in 
the presence of 0-25 per cent, calcium chloride (Thom*®). For 
further physiological reactions see Thom. 

Fenic/hllium stoloniferum, Tliom. 

Was found by McBeth and Scales'^''’ to possess marked 
powers of cellulose destruction. 

Grown on gelatine or potato agar the colonies are green to 
yellowish -green, becoming greenish-gi’ey to grey with age. On 
sugar-containing media the green coloration is maintained. In 
young cultures the submerged mycelium appears to arise from the 
aerial mycelium rather than' vice versa. The reverse of the 
^lonies remains uncoloured or is coloured yellowish in patches. 
The short conidiophores, 100 p, or less in length, arise as branches 
from aerial hyphae. At the margin of older colonies longer coni- 
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diophores arise separately. These attain a length of 800 jtt or 
more. The eonidial fructifications attain a length of 40 to 80 fx, 
and occasionally as" much as 170 p,. They are composed of short 
appi-essed branches and numerous spore-bearing cells, densely 
crowded at the base. They bear loosely divergent chains of 
conidia ; sometimes the lowest branch diverges, making tlie 
fructification appear double. The spore-bearing cells measure 3 
by 10 /X. The conidia are spherical to slightly elliptical, 2-8 to 
34 /X, smooth and almost hyaline. In masses they are yellowish- 
green. 

The species liquefies gelatine very rapidly and curdles milk in 
one week in the presence of 0-25 per cent, calcium chloride 
(Thom For further physiological reactions see Thom. 

Scopulariopsis repens, Bainier. 

Syn. : JPenicilliim Bainieri, Saccardo. 

Scqpulariopsis communis, Baiirier. 

Penicillium brevicaule, Saccardo (in part.). 

Scales found that this fungus destroyed cellulose in the 
presence of ammonium sulphate. 

The vegetative hyphae are creeping and sparingly septate. The 
conidiophores are short and twice verticillately branched. The 
end branchlets (pseudosterigmata) are inverted club-shaped and 
measure 14 to 28 /x in length. The conidia are spherical, minutely 
echinulate, brownish, 6 to 8 /x in diameter, and are borne in long 
chains (Saccardo ®). 


Sub-order : Pyeenomyoethneae. 

Family: Bordariaceae. 

Sordaria humicola, Oudemans. 

This was found by van Iterson, jr.'*®, to possess but little 
power of destroying cellulose. 

No description of this fungus appears in any of Oudemans’s 
published papers, and the name should probably be regarded as 
nomen nudum. 

Family : Ghaetomiaceae. 

Ghaetomium bostrychodes, Zopf. 

This and other species of Ghaetomium were frequently 
found on mildewed paper by Sde On mildewed cotton 
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goods -urmamed species were found by Osborn and by Briglit, 
Morris, and Summers ''’’2. Ghaetomium hostrychodes produces 
greenish-brown to deep olive-coloured spots on the paper 
attacked by it (see Table II, p, 291). 

The elliptical, fusiform, or almost cylindrical perithecia measure 
220 by 340 /X. They are brown and possess a short papillate 
hyaline opening. They are surrounded by sparse rhizoids, and 
at the opening by a tuft of usually regularly spiral and slightly 
incrusted hairs. The asci are club-shaped, tapering to a short 
stem,_60/x in length and 12^ in diameter. The eight spores are 
elliptical or almost spherical or apiculate, and olive-brown in 
colour. They measure 6 /x by 6 to 7 yu. 

Ghaetomium chao'taruon, Berkeley. 

Syn. ; AscotricJia chartarum, Berkeley. 

This species was frequently found on pai)or by See 
(Table II, p. 291). Unlike the two other species of Ghaetomium 
mentioned here, it does not produce a soluble pigment which 
diffuses into the attacked paper, but discolours its substratum 
only through the colour of its brown mycelium. The species 
was reported as present on mildewed cotton goods by Davis, 
Dreyfus, and Holland 

The almost spherical perithecia are produced in clusters. Each 
perithecium has a skittle-shaped nock. The thin wall of the 
perithecium is fragile and olive-green to brown in colour. The 
opening is surrounded by a tuft of rigid, diverging, more or less 
regularly branched, thick-walled, septate, brown hairs. At the 
ends they are pear-shaped and colourless. Some branches bear 
clusters of conidia resembling bunches of grapes. The conidia 
are spherical to elliptical and light brown. The club-shaped asci 
taper to a short stem and measure 5 to G /x by 70 /x. They contain 
a row of eight spoi'es which, observed from the side, are narrowly 
elliptical, and, from the front, broadly elliptical. In the latter 
case they measure 5 to 6-6 /x by 7-6 to 8'5 /x. They are deep brown 
to black in colour. 

Ghaetomium Kunzearium, Eopf. 

Syn. : Ghaetomium globosum, Kunze. 

Ghaetomium chartarum, Ehrenberg. 

Ghaetomium fieberi, Oorda'. 

Ghaetomium affine, Oorda. 
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Van Iterson, found this species developing on paper, 
which became slightly decomposed by it. See^^ reports it 
to be a frequent inhabitant of mildewed paper, on which it 
produces yellowish-brown to brownish-black spots, owing to 
the secretion of a pigment. 

When young the species produces an abundant white mycelium, 
and occasionally retains this vegetative form when old. Where 
perithecia are formed they are dark brown to black, ovoid, and 
measure 250 to 300 /a. The neck is short, hyaline, and covered 
with papillae. The brown unbranched hairs surrounding the 
opening measure 2 /x in diameter and are coiled at the upper part. 
The club-shaped asci enclose eight dark brown to black, sharply- 
pointed spores, measuring 6 to 8 /x by 11 /x. Some authors state 
that chains of conidia are formed (See 

Several other species of Ghaetomium have been recorded 
present on decaying vegetable tissues and paper, but definite 
information as to their action on pectin, hemicelluloses, and 
cellulose is still lacking. 


Family : Xylariaceae. 

The fungi of this family are found on old tree-stumps and 
damp wood. 

Hy]poxylon coccineum, Bulliard. 

Syn. : Lycoperdon variolosum, Linnaeus. 

Valsa vagifarmis, Scopoli. 

Sphaeria Igcoj^erdoides, Weigel. 

Spliaeria rubra, Willdenow. 

Sphaeria radians, Tode. 

Sphaeria tuberculosa, Sowerby. 

Sphaeria fragiformis, Persoon. 

Sphaeria bicolor, A. P. de Candolle. 

Sphaeria lateritia, A. R de Candolle. 

Stromatosphaeria fragiformis, Persoon. 

This species attacks freshly felled beech-wood, causing a 
white rot (Tuzson 

Its coniclia-forming hymenium may occur in two forms, either 
as that normal for the Hypoxylon species, i. e. as a powdery covering 
of the young perithecial stromata, thereby rendered vividly green 
to yellow or brownish, or on deformed stromata, which remain 
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sterile. This abnormal type of hyiiienium occurs on very damn 
material. _ The spore-bearing stromata either break through the 
peridermis of the host or may be formed later on the surface. 
They ai’e generally almost spherical. When young they are 
cinnabar-red, and later dark brownish-red on the surface. Their 
interior is dark brown. They occur singly or in clusters. The 
egg-shaped perithecia are small and closely set just below the 
surhiee ot the stroma, giving the latter the appearance of a straw- 
erry. The asci are cylindrical, with a long stem, and possess 
eight spores surrounded by very long thread-like unbranched para- 
physes, 88 yu, in length. The diameter of the asci is 6 to 7 « The 
spores are arranged slanting in one row. They are blackish and 
elliptical, measuring 4 to 5 p, by 10 to 12 p. 


Xylaria hypoxylon, Linnaeus. 

_ This was shown by Gatin and Molliard to decompose 
lignin. ^ 

A description of the species is given under Group A 
(Chapter V). 


Xylccf ia polywjOrp]i<x, Persoon. 


Syn. : Spliaeria polymorpha, Persoon. 

Yalsa clavata, Scopoli. 

Xylaria clavata, Schranck. 

Glavaria digitata et hylrida, Bulliard. 
Spliaeria digitata, Muller. 

Xylaria polymorplia, Greville. 


Is one of the many known species of Xylaria which are 
common on old tree-stumps. It produces a white rot. 

wHcb are formed in clusters of two to six, or more, 

a the base. Very occasionally they occiu’ 
the^bosA cylindrical, tapering towards 

forked compressed, frequently 

ioiked and sometimes almost spherical. When young they are 

the becoming blackish. The perithechi occur on 

TheSem f rendering the latter wrinkled. 

aWnf ^ generally short and may occasionally be 

Stical -D egg-shaped or almost 

possess a Tn ml® ""Tening. The asci are cylindrical and 

possess a long stem. They measure 8 to 10 p by 140 to 180 a. 

muaUrmhiM TT fi “• fnsifom, 

cellula^ ^ Ttm ^ ^ n *“ curved, and are uni- 

S a ^ »> we 6 to 9 by 20 
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Sub-order : Discomycetiineae. 

Family: Helotiaceae. 

Bclerotinia Fuckeliana, de Bary. 

Tbe conidial stage of this fungus, Botrytis cimrea^ Persoon, 
was shown by Kissling to have a solvent action on cellulose. 
Though Schellenberg ® could find no action on either cotton or 
hemp cellulose, the species is now generally regarded as a 
cellulose-decomposing type. 

A description of the species is given under Group A 
(Chapter V). 

Botrytis vulgaris, Fries. 

Was found by Behrens and by van Iterson, jr.^'’, to be 
capable of decomposing cellulose. It was isolated from decayed 
leaves by Oudemans and Koning lo. in Schellenberg’s ® experi- 
ments it could not be shown to act upon cellulose, or at least 
not on the cellulose of cotton or hemp. 

With reference to the identity of this species with Botrytis 
cimrea, Persoon, see under Group A (Chapter V). 

Unnamed Botrytis species were studied by Otto Side-’ 
botham and Bright, Morris, and Summers In the case of 
Otto s type, at least, it was shown to be capable of decomposing 
cellulose. 


Family : Pyronemaceae. 

Pyronema Gonfiuens, Tulasne. 

Syn. : Pe^im ompJialodes, Bull.iard. 

Pyronema omphalocles, Fuckel. 

Aleuria ompJialodes, G-illet. 

Pesim confiuens, Persoon. 

Pyronema Marianum, Oarus. 

Was found by van Iterson, jr.^'*, to possess moderate cellu- 
lose-destroying properties. 

A number of apothecia, originally spherical and later expanded, 
and merging one into another, are formed on an hypothecium 
composed of hyaline septate hyphae of a diameter of 4 to 5 /x. 
The hymenial surface may be flat or raised, and is pink to rose- 

I 



114 MIOKO-OKUAJNiWMb ASbUUiATi'Jl) WITH DECOMPOSITION 

red or orange coloured, 0-2 to 2 mms. wide. The asci are 
cylindrical to rounded, 9 to 10 broad by 120 to 160 /x in length. 
They contain a row of eight elliptical unicellular smooth spores' 
sometimes containing two small oil drops. They moasur<r 6 to 
7/x by 12 to 16//,. The paraphyses are forked at the base are 
3 /X broad, and colourless or tinged yellowish or lasd. ’ 

Family : OcibamjiiU'iMG. 

Bulgaria polijonor^pha, W ottstoin. 

Syn. : Bmm polyrnorxTlia, Oedor. 

Elvclla undecima, Sch.alfei*. 

Odospora elastica, lledwig. 

Bm0a hrunnc.a, Batsc.h. 

Burcardia turbinala, S/ihmieibd. 

Trcmclla (ifiaricoidcs, Ketzius. 

Bcska inquibKms, Iku'soon. 

Bulgaria inquinans, Fri<i.s. 

Ascobolus inquinans, Noes. 

Besha nigra, Bulliard. 

Lycopm'don truncalum, IjinnneuM. 

Tliis is a common saprophyte, on bdh'd oak and Iteecli. Its 
dovelopmont, liowover, must be ratlicr slow, since it is muiblo 
to get a firm footing in tlie wood if tlus felled logs are imme- 
diately (lebarkiul and tins wood (.bus allowtjd to dry. According 
to Biflen "" it dticompose.s lignin, 

Tho apothecia are dGvoloi)od from the gelatinous fungal tissues 
which break through the pericyclo of (be liost. They occur singly 
or in groups, and are nsnully egg-Hhaped, 1 to •( cma. in height. 
On opening, the dark brown to black liymenium expands to 
a width of 1*6 to 4 cms. and slutwH a transversely wrinkled 
gelatinous surface in which is (mdxuhled an entangled mass of 
delicate threads. Tho asci are (duli-shaped to cylindrical with 
long stems, often thickonod at ih<» top. They measure 9 to 10 /x 
by 160 to 200 //.. Wlien young tlujy c.ontain a row of eight spores, 
of which four remain hyaline and smaller. The spores are 
elliptical, somewhat curved, and unicelhdar, and contain one or 
sometimes two large oil drop.s. Tim four dark lu'own spores 
measure 0 tt) 7//,^ by 12 to 14//,. The throad-liko paraphyses 
mejisuro 1 /x in diameter, hut are somewhat wider at the apex, 
where they are adherent. They are yellow to purplish-brown and 
often hook-shaped. 
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Family; Rhizinaceae. 

Rliizina inflat a, Qii^let. 

Syn. : Rhizina inflata, Karsten. 

Bhizina undulata, Fries. 

JPIiallus acauUs, Batsch. 

Eelvella acauUs, Persoon. 

Blmina laevigata, Fries. 

JPezim rTiizoflhora, Willdenow. 

Octospora rhizophora, Hedwig. 

This fungus is sometimes found growing luxuriantly on old 
heaps of sawdust (Massee and on burnt soil, peat, It 
occurs also as a root parasite on young coniferous trees. 

The fruiting body is convex, more or less circular, smooth, dark 
blown and fleshy, whitish on the under surface. It measures 3 
to 10 cms. in diameter. It is sessile and attached to the sub- 
stratum by rhizoids or tufts of hyphae. The asci are cylindrical 
and contain eight hyaline fusiform spores, measuring 9 to 10 /.t by 
32 to 36/1. Numerous septate paraphyses are present among the 
asci (Massee 


Order : Basidiomycetales. 

Most of the wood-destroying fungi belong to this order. 
The account given below comprises those families and species 
which have been shown to destroy timber and wood-pulp. 

Sub-order ; Eubasidiineae. A. IIymenomycetes. 

Family: Thelephoraceae. 

Goniophora cerebella, Albertini et Schweinitz. 

Syn. : Corticium puteaneum, Schumacher. 

TlielepJwra puteanea, Schumacher. 

Eypoclinus confluens, Bonorden. 

Gorticmm puteaneum, Fries. 

This species has been shown by several investigators to be 
a serious destroyer of wood. Malenkovic studied its action 
on wood in pure culture and found that it decomposed both 
cellulose and lignin, the latter more slowly than the former. 
Wehmero^ confirms that it destroys cellulose, but states that 
it is incapable of utilizing lignin. Falck regards Goniopht)ra 

I 2 
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cerebella as a particularly dangerous wood destroyer, since 
its mycelium develops exceptionally rapidly. Badly seasoned 
wood appears to be particularly susceptible to attack. The 
optimum moisture conditions for the fungus are between 
50 and 60 per cent. (Scheible and is thus somewhat 
higher than that of most wood-destroying forms. Scheible also 
mentions that wood which has been invaded by Goniophora 
cerebella is particularly liable to attack by the dry rot fungus, 
Merulius lacrymans. 

The mycelium of Goniophora cerebella is white when young, 
later turning yellowish-grey to brown. It contains a considerable 
amount of resin. Numerous clamp connexions, sometimes five or 
more, are formed at the septa. Grranular deposits, possibly of 
calcium oxalate, are formed on the outer walls of the hyphae. 

The sporophore is rounded or spreading, fleshy and brittle, 
faintly yellowish when young, and later becoming olive-brown. 
The hymenium is slightly undulating and is covered with a dusty 
layer of brownish-olive spores measuring 8 to 9 //, by 12 to 16 /x. 

In addition to basidiospores the fungus produces oidiospores. 

Goniophora tahacina, Sowerby. 

Syn. : Stereum tabacinum, Sowerby. 

Auricularia tahacina, So^verby. 

Auricularia nicotiana, Bolton. 

Thelephora variegata, Schrader. 

Thelephora ferruginea, Persoon. 

Thelephora tabacina, Fries. 

Stereum tabacinum, Files. 

The action of a pure culture of this fungus on wood was 
studied by Bray and Andrews who found that it had 
a selective action on cellulose, the lignin of the wood remaining 
practically undamaged (see Chapter XII). 

The sporophore is soft, spreading, leathery, thin, and resupinate. 
When young it is covered with delicate hairs which disappear 
with age. The margin is golden yellow, and the central part 
reddish-brown. The hymenium is pale and covered with stifl' 
hairs. The hyaline egg-shaped spores measure 1 /x by 3 to 6 /x. 

Gorticinm, evolvem, Fries. 

Syn. : Thelephora evolvens, Fries. 

This is claimed by Lagerberg ’ to be one of the most 
destructive fungi met with on wood used for wood-pulp 
manufacture. 
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The siDorophore is soft, the edge often reflexed, and the under 
surface covered with a whitish undifferentiated fleecy layer. The 

ymemum is naked, somewhat wrinkled and brown, faded when 
Old. When dry it shows numerous cracks. 

Pemopliom gigantea, Massee. 

Syn. : Oorticium giganteum, Fries. 

ThelepJiora gigantea^ Fries. 

7/Iielcphora pergamena, Persoon. 

Thelephora fimbriata, Sonimerfelt. 

Was reported by Snell to be present on hard pine beams 
in cotton warehouses. Nothing is known as to the extent of 
the damage caused by it. 

The sporophore is moist, swollen, and spreading, waxy, white, 

, and transparent. When dry it is of the consistency of cartilage 
or parchmentized paper. Its periphery is frayed. The hymenium 
IS smooth and undifferentiated. The hyaline spores are elliptical, 
measuring 3 by 4 to 5 /x. 

Peniopliora pubera, Saccardo. 

Syn. : Corticium puberum, Pries. 

Thelephora pubera, Pries. 

Byphoderma pubera, Wallroth. 

This species is recorded by Snell as occurring on badly 
decayed wood, generally when the latter is exceptionally moist. 

The sporophores are spreading, waxy, white to buff in colour, 
and adhere firmly to the substratum. The hymenium «is smooth 
and velvety, and extensively cracked when dry. 

Stereum frustulosum, Fries. 

Syn. : Thelephora frustulata, Persoon. 

Thelephora sinuans, Persoon, 

Von Schrenk and Spaulding'^® consider this species to be 
one of the chief oak-destroying fungi, responsible for the loss 
of large quantities of structural timber. Its action is not 
confined to oak, however, other broad-leaf trees, both living 
and dead, also being attacked. It attacks lignin for preference, 
and leaves the cellulose apparently undamaged. It develops 
in patches on the attacked wood, which becomes flecked with 
white lens-shaped pockets of decay. Such wood is known as 
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' partridge wood These white patches are the regions in 
which the fungus has removed the lignin of the wood. In 
older samples of attacked wood the white patches collapse 
and form pits lined with white cellulose. The fact that the 
attacked areas collapse in this way doubtless indicates that the 
cellulose, as well as the lignin, has been affected by the fungus. 
The unattacked parts of the wood become darker and vei'y hard. 

The sporophores are slightly elevated grey spots, woody and 
massed together to resemble one much-cracked specimen. The 
under surface and the glabrous margin are brownish-black in 
colour. The substance of the fungus is distinctly stratified. The 
hymenium is convex, and cinnamon in colour, later turning to 
pale primrose. The spores are elliptical, with sub-acute ends, and 
measure 4:‘6 /x, by 3 to 3-5 /x (Masseo 

Sterewn hirsutum, Willdenow. 

Syn. : Thelepliora Mrsuta, Willdenow. 

Auricularia rejicxa, Bulliard. 

Thdephora pajpy raced, Flora danica. 

Stercum Mrsutim, Persoon. 

Auricularia cmrantiaca, Schumacher. 

A common saprophyte, which docs, however, occur in some 
localities as a parasite. Its usual host is oak, either in the 
form of logs or of worked timber. It may also occur on beech 
(Tuzson and on the woods used for aeroplane manufacture 
(Boyce The fungus decomposes lignin and therefore pro- 
duces what is known as a wliite rot. The attacked wood 
progressively becomes pale brown and yellowish-white in 
longitudinal streaks. 

The sporophores are hard and leathery, expanding and re- 
supinate. They are covered with rough hairs in zones. The 
blunt margin is yellowish, the remainder paler. The hymenium 
is smooth, naked, dry, and usually yellowish in colour. The 
spores are spherical and very small. 

Stereum furpureijim, Persoon. 

Syn. : Auricularia persistens, Sowerby. 

Thelepliora purpurea, Schumacher. 

This species may live as a saprophyte or as a wound parasite. 
It occurs on such trees as elm, beech, poplar, and sometimes 
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larch, but not on oak. Tuzson records that it produces 
a white rot in freshly felled beech.* 

The sporophores, which show an. imbricated structure, are soft, 
leathery, spreading, and resupinate, felty and pale or whitish. 
The hymenium is naked, smooth, and purplish in coloui*. The 
hyaline spores are oval to egg-sha|)ed, pointed at the base, and 
measure 4 by 8 p,. 

Steveum sanguinolentum, Albertini et Schweinitz. 

Syn. : Thelepliora scinguinolenta, Albertini et Schweinitz, 
ThelepJiom Mrsuta Persoon. 

Thelepliora sericea jS, Persoon. 

Stereum sanguinolentum, Pries. 

The action of this species on timber was studied by Lager- 
berg who found it to be one of the most destructive fungi 
in wood stored for pulp manufacture. It is the rapid spread of 
the infection which makes this fungus particularly dangerous : 
the actual destruction of the timber proceeds comparatively 
slowly. 

The sporophores are thin, leathery, spreading, and resupinate, 
and are covered with closely appressed silken hairs. The margin 
is sharp and white, the centre pale and somewhat striate. The 
hymenium is smooth, naked, and grey-brown, turning blood-red 
when touched. The hyaline spores are cylindrical and measure 
3 p. by 8 to 10 p. 

Stereum subpileatum, Long. 

This species, causing ‘ Honeycomb heart rot occurs on felled 
trees and dead parts of living trees of the genus Querous. 
The rot caused by this species has been studied in detail by 
Long The attacked wood first becomes slightly discoloured 
and assumes a ‘ water-soaked ’ appearance. Later it becomes 
tawny in colour and light-coloured cavities or pockets start 
to appear. The decay spreads most rapidly in the summer 
wood of the preceding year. Delignifieation of the wood 
proceeds until white lens-shaped pockets are formed. Long 
also remarks that the spread of a diseased area is arrested 
when it reaches a large medullary ray. This is interesting 
and exceptional, as the contents of the medullary ray cells are 

* Private information from Mr. E. T. Brooks indicates that delignifieation 
is very i-arely caused by this species. 
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usually particularly susceptible to the attack of fungi. In 
the last stages of decay the wood becomes very light and 
honeycombed. 

The hyphae of the fungus turn brown when exposed to air. 
The sporophores are thin shelving bodies formed in cracks in the 
bark. They are sometimes concoidal in form and sometimes 
occur in parallel lines, measuring up to 5 cms. in width (Harsh- 
berger '^®). 


Family : Polyporaceae. 

Baedalea oonfragosa, Bolton. 

Syn. : Boletus confragosus, Bolton. 

Boletus lalyrintliiformis, Bulliard. 

Baedalea oonfragosa, Persoon. 

This species is considered by Snell to bo of economic 
importance in the decay of building timber. The presence of 
cellulase and hemicellulases in its mycelium was demonstrated 
by Schmitz and Zeller 

The leathery to corky sporophore dries up in the absence of 
water and swells again and redischarges its spores on the return 
of moist conditions. 

The central part shows superficial zones of brown and cinnabar- 
red. The margin is white and frayed. The pores are closely 
set, labyrinthine, white, and later reddish with black spots, 

The fungus forms chlamydospores, singly or in groups. 


Baedalea, quercina, Linnaeus. 

Syn. : Agaricus quercinus, Linnaeus. 

Agaricus lalyrinthiformis, Bulliard. 

Agaricus dubius, Schaeffer. 

MeruUus quercinus, Gmelin. 

Baedalea quercina, Persoon. 

This species is widely distributed on old oak trunks and 
stumps and is a serious enemy of structural oak. It attacks 
the sapwood, rendering it soft and mushy. 

The sporophore is very irregular in size and shape. It is 
usually partly sessile, _ occasionally resupinate and spreading, 
somewhat wrinkled, without zones, smooth and of corky con- 
sistency, and buff-coloured. The dissepiments are thick with 
a blunted edge. They form holes when young and later anasto- 
mosing labyrinthine cavities. 
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Fomes annosus, Fries. 

Syn. : Folyporus annosus, Fries. 

Polyporus subpileatuSi Weinmann. 

Polyporus serpentarius, Persoon. 

Polypoms resinosus, Rostkovius. 

Polyporus scoticus, Klotzsch. 

Trametes radiciperda, Hartig. 

This fungus occurs on coniferous wood. It is widely dis- 
tributed and causes a white pocket rot. In the early stages 
of attack the wood is discoloured pinkish, purple, or yellowish- 
brown. Where the rot has proceeded further the attacked 
wood becomes light and spongy. Von Schrenk®^ states that 
the decayed wood smells strongly of hydrocyanic acid. 

The fructification is irregular in form, often horizontal and 
imbricated, measuring 7 to 16 cms. across. The pileus is convex, 
later becoming flattened. It is tuberculately zoned, coarsely 
radially rugulose, brown in colour, thickish, and has a white 
margin. The flesh is whitish, the tubes white, about 6 mms. 
long and stratose, the pores are white, and the spores, measuring 
6 by 4 //,, are hyaline (Massee ®'^). 

Fomes applcmatus, Persoon. 

Syn. : Boletus applanatus, Persoon. 

Polyporus applanatus, Wallroth. 

Polyporus dryadeus, IJostkovius. 

Polyporus merismoides, Corda. 

Is regarded by von Schronk and Spaulding as a strict 
saprophyte. They state that where it occurs on standing 
trees only the dead parts are attacked.* It affects both 
heartwood and sapwood, with a preference for the latter (von 
Schrenk and Spaulding). Both coniferous and broad-leaf trees 
are attacked. The decay caused is described as a white 
mottled rot. 

The sporophores are hemispherical in form, with flattened sides, 
and reach a size of 33 cms. Their surface is faintly zonate, dusty 
or smooth and cinnamon- brown in colour, later, turning grey. 
The surface layer is brittle, the interior soft and spongy. The 
margin is white in the younger stages and later becomes cinnamon- 
brown. The pores are very small, and a faded rust colour, and 
whitish at the openings, where they turn brown when touched. 

* Private information from Mr. E. T. Brooks indicates that the fungus 
often occurs as a wound parasite. 
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Tlie following morphological characteristics of laboratory 
cultures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are skin-like with a felty to farinaceous 
surface, of various colours from pale ochre to greyish-olive. The 
spread is rapid, slopes becoming covered in twelve to fourteen days. 

Siibmerged mycelmm: The hyphae are delicate, hyaline, colour- 
less, thin- walled, branched, and septate. They measure 4 to 10//, 
in wddth, and show inconspicuous clamp connexions and large 
swollen cells often massed into compact layers at various depths. 
Aerial mycelium : (1) The advancing zone and part of the older 
mat is similar to the submerged mycelium, but without spherical 
expansions. (2) Fibre-like threads with thick walls and narrow 
liimina, 1 to 4// wide. They are branched, sparingly septate, 
tightly interwoven, and produce ‘ witches’ brooms ’ in old cultures. 

Forties fomentarkis, Linnaeus. 

Syn. : Boletus fomentarius, Linnaeus. 

Polyporus fomenianus^ Fries. 

This species, known as the ‘ tinder fungus ’, occurs sapro- 
phytically and parasitically, chiefly on beech, bircli, maple, 
and poplar. Both heartwood and sapwood are attacked, with 
the formation of a white rot. The badly decayed wood is 
very soft and spongy, light yellow in colour and readily 
rubbed into a powdery mass of fibres. 

The fructifications are hoof-shaped, measuring 10 to 20 cms. 
across and 10 to 15 cms. thick, with a greyish-l)rown upper 
surface which is concentrically grooved. The margin is greyish- 
white, soft and velvety when young. The flesh is thick,^ rather 
soft, and brown in colour. The tubes are long, .stridose, and rust 
coloured, with white pores which later turn brown. The spores 
are brown and measure 6 //, by 3-6 to 4 //, (Masse© 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium form thick close felts with a smooth 
surface becoming leathery to crust-like with age. Their colour 
varies from pinkish-buff to brownish, and they spread moderately 
quickly, slopes being covered in about three weelcs. 

Submerged mycelium : The hyphae are delicate, colourless, hyaline, 
much branched, septate, and measure 2 to 7 //, wide. They show 
numerous clamp connexions. Aenal mycelium : (1) The advancing 
zone and part of_ the older growth is similar to the submerged 
mycelium. (2) Fibre-like hyphae of uniform width, with thick 
colourless or greenish walls, and colourless to dark brown contents. 
They are sparingly branched, septate, and measure 1 to 6 in 
width. 
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Fomes IciTicis, (Jacquin) Murrill. 

Syn. : Boletus officmalis, Villars. 

Boletus laricis, Jacquin. 

Boletus purgans, Gfmelin. 

Bolyporus officinalis, Fries. 

Ihis specieSj the ‘chalky quinine fungus’, causes a decay 
in the heartwood of various coniferous trees. It also occurs 
parasitically. Boyce refers to it as one of the fungi causing 
decay in aeroplane timber. It produces a typical brown rot, 
that is, it destroys the cellulose of the wood and causes little, 
if any, damage to the lignin. ' 

^ The sporophore is hoof-shaped, thick, corky to fleshy in con- 
sistency, soft when young and later becoming tough to dry. spongy 
readily crumbling to powder when crushed. It shows yellow and 
brown zones and concentric grooves. It is glabrous, yellowish- 
"white, and has a hard cracked outer layer. The pores are delicate, 
short and yellowish, turning brown with age. 

Fomes pinioola, Swartz. 

Syn. : Boletus pinicola, Swartz. 

Boletus fulvus et semiovatus, Schaeffer. 

Boletus igniarius, Flora danica. 

Boletus marginatus, Persoon. 

Bolyporus pinicola, Fries. 

Trametes pini, Fuckel. 

This species occurs occasionally on living trees (Fritz 
but is widespread as a saprophyte, particularly on coniferous 
timber, of which it attacks both heart- and sapwood. The 
decay produced is a brown rot or ‘ red I’ot ’. In the advanced 
stages of decay the tissues of the attacked wood are completely 
destroyed. 

When young the sporophores are cushion-shaped, but later 
become hoof-shaped. The outer layer is corky to woody, glabrous, 
and yellow-brown in colour, later becoming blackish. The margin 
is cinnabar-red, hai-d, and pale on the under surface. The pores 
are small, short, and pale ochre in colour. 

The following morphological characteristics of laboratory 
cultures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are delicate, easily torn, loose, dry atid 
downy. They later become woven into a soft felt with a smooth 
woolly surface. They are coloured white, tinted a pale buff to 
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yellowish-pink. They spread raj)idly, slopes being covered in 
twelve to fourteen days. 

Submerged mycelium : The hypbae are delicate, colourless, 
hyaline, branched, and septate. They measure 2 to 6 yu, in width, 
and show numerous clamj> connexions. The walls are thin and 
the contents coarsely granular. Aerial mycelium : (1) Advancing 
zone and part of older mat is similar to the submerged mycelium, 
but is less vigorous in appearance, particularly the part of the 
older mat. The mycelium measures 1 to 2 /x and occasionally 4 /a 
in width. (2) Tibre-like hyphae are abundant and form young 
mats. They are hyaline, colourless, 1 to 4 /a wide, thick-walled, 
uniform, sparingly branched, and unseptate. 

Fames roseus, Alberfcini et Schweinitz, 

Syn. : Boletus roseus, Albertini et Schweinitz. 

Polyporus roseus, Fries. 

This species chiefly attacks coiiif crons wood. From the 
statements of most authors Itlie decay produced appears to 
spread through botli sap- and heartwood. Faull however, 
•finds no evidence of a heart rot in tlio ‘cases examined by 
him. The species is evidently (Boyce and Snell a type 
very destructive to timber, particularly wlion the wood is 
stored under conditions of poor ventilation and high, humidity. 

The sporophore is triangular, 5 to 12 cms. broad, and 1 to 
3 cms. thick at the base, tapering to a sharp edge. In consistency 
it is corky to woody and hard. It is a rose-red colour both inside 
and piitside, and on the surface has a greyisli-black tinge in 
addition. The pores are small, cylindrical, and rose-coloured. 

The following morphological characteristics of laboratory cultures 
on potato-dextrose agar are taken from Fritz ““ : 

The mats of mycelium are light and fleecy, later becoming 
closely woven, with an even woolly surface. The colour is at first 
white, but later becomes browmish. It spreads moderately rapidly, 
slopes becoming covered in about three weeks. 

Submerged mycelium : The hyphae are delicate, colourless, 
hyaline, septate, and branched. They are 1 to 3 /a wide and show 
numerous clamp connexions. In old mats the hyphae are often 
very irregular in outline and septation, and average 6 /a in width. 
A fe-w are deeply pigmented. Aerial mycelium : (1) Advancing 
zone is similar to_ the submerged mycelium. (2) The older growth 
is also partly similar. Many of the hyphae become deeply 
pigmented and anastomose freely. (3) Fibre-like hyphae are not 
developed during the first ten days, but when formed they are 
colourless, hyaline, and 2 to 3 /a wide. They have thick, refractive 
walls and are sparingly branched and septate. 
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Lenzites abietina, Bulliard. 

Syn. : Agaricus abietinus, Bulliard. 

Agaricus senescens, Willdenow. 

Agaricus asserculorum, Schrader. 

JDaedalea abietina, Fries. 

Lenzites abietina, Pries. 

Falck regards this and the following species as two of the 
most dangerous rots of stored timber. 

The sporophore is spreading and resupinate, frequently expand- 
ing in one direction only, and reaching 4 cms. or more in length. 
It is leathery in consistency. When young it is brown and 
felted, and later becomes grey-black and glabrous. The dissepi- 
ments are irregular and simple. They are indented and fringed 
and a bluish-grey colour. 

Lenzites se^naria, Wulfen. 

Syn. ; Agaricus sepiarius, Wulfen. 

Agaricus betulinus, Linnaeus. 

Agaricus hirsutus, Schaeffer. 

Agaricus guercinus, Humboldt. 

Merulius sguamosus, Schrader. 

MeruUus sepiarius, Schrank. 

Daedalea sepiaria, Swartz. 

Agaricus JBoletiformis, Sowerby. 

Lenzites sepiaria. Fries. 

Is a common and dangerous saprophyte, which occasionally 
occurs jparasitically. It produces little or no external mycelium 
(Mitchell It gives rise to a brown cubical rot (Spaulding ®'^), 
and therefore destroys the cellulose of the wood in preference 
to the lignin, which is only partly affected. Spaulding states 
that the species decomposes the coniferin and hadromal of the 
lignin, but does not affect the vanillin. 

The sporophores are semi-sessile, fairly flat, and frequently 
grouped in masses. They are hard and leathery in consistency, with 
a zonate upper surface. They are brown in colour, later becoming 
blackish, and have a yellowish margin. The dissepiments are 
fairly thick, frequently indented, and are branched and anasto- 
mosing. They are yellowish in colour, later turning brown. 
Snell states that there are morphological variations when the 
fungus grows on timber in sheds. The sporophores are occasionally, 
but not usually, pileate, and are normal in colour. The hymenium 
may be lamellate, poroid or daedaloid, and ii'piciform if growing 
in wood that is too wet. The spores are usually smaller than 
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those from fructifications growing out of doors, measuring 6 to 
9 |.^ by 2-5 to 3 /x, as against 8 to 12 /x by 2-5 to 4 /x. 

The mycelium of the fungus shows clamp connexions and 
medallion hyphae, a common feature of the genus. 

The following morphological characteristics of laboratory cul- 
tures on malt agar are given by Snell : 

The mycelium is colourless and consists chiefly of short-branched 
hyphae which break up more or less completely to oidia. Septa 
are fairly abundant, but no clamp connexions are observed. The 
oidia are colourless, sticky, mostly ellipsoid-oblong, but variable 
in form, and occasionally septate. Terminal oidia are usually 
clavate. They measure 2S to 3 /x by 4 to 35 /x. Helicoid hyphae 
aie piesent but not abundant. W^hen old the growth becomes 
brownish. The surface of the mycelium has a more or less damp- 
powdery appearance, due to the breaking up into oidia. Occasionally 
a later growth of mycelium occur.s, which is long, stiff, and hair- 
like. This mycelium is sparingly branched, occasionally septate, 
and shows clamp connexions at the septa. 

Lemites tmbea, Peraoon. 

Syn. : Agaricus trabetis, Persoon. 

JJaedaka irahcci, Fries. 

Lemites trdlm, Fries. 

This species is usually found on hard woods, in wliieh it 
causes a brown cubical rot. It is regarded by Snell as a 
more dangerous infection of l)uilding tind)er than is generally 
assumed. 

The sporophores are .sessile, flat, wrinkled, very thin, and of 
leathery consistency. The surface is felted when young, but 
later becomes glabrous. The dissopimonts are rigid, unbranched 
or dichotomously branched, occasionally anastomosing and flesh- 
coloured, 

The following morphological chai’acteristies of laboratory cul- 
tures on malt agar are given by SnolH" : 

The mycelium is colourless, 1-5 to 3 /x in diametei’, and commonly 
branched, usually at right angles. Olamp connexions and septa 
are fairly abundant. Oidia are abundant, being mostly cylindrical 
to ellipsoid-oblong. The terminal oidia are ovoid, pyriform, 
clavate to globoid. The oidia measure 2 to 8 /x hy 6 to 24 /x, but 
mostly 6 by 10 /x. Mncroscopically the mycidium has a damp- 
powdery appearance, due to the formation of oidia. Later 
a secondary inyceliurn forms, which is orange-yellow to light buff 
when viewed in mass. This mycelium does not present a powdery 
appearance, because no oidia are present; it is thick, fluffy and 
woolly. Microscopically the individual hyphae appear colourless, 
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and are long, straight, and stiff. Branching and septa are scarce, 
but clamp connexions are fairly abundant. 

Merulius lacrymans, Wulfen. 

Syn. ; Boletus laerymans, Wulfen. 

Merulius lacrymans, Schumacher, 

Boletus arl)oreus, Sowerby. 

Merulius destruens, Persoon. 

Xylomyxon destmens, Persoon, 

This species is the well-known ‘ dry rot ’ which causes serious 
damage to structural timber in badly ventilated places. It is 
a typical saprophyte, producing a brown cubical rot in all 
kinds of wood. In addition to the cellulose, it decomposes 
the hemicelluloses (xylan) of the attacked wood (Schorstein ®®). 
The lignin is probably not acted upon, at least not when of 
the constitution tested by Wehmer®*’. The oxidation of the 
cellulose and other carbohydrates of the wood results in the for- 
mation of oxalic acid, which is extensively deposited as calcium 
oxalate on the outside of the hyphae and the hyphae-bundles. 

The optimum moisture content of wood for the growth of 
the fungus is given as 20 per cent, by Scheible who also 
remarks that a preliminary attack by Ooniophora cerebella 
renders wood particularly liable to destruction by Merulius 
lacrymans. On the other hand the presence of bacteria and 
fungi was found to be unfavourable for the development of 
Merulius lacrymans by Malenkovic who considered that 
the good development of the spores of the fungus on the acid- 
reacting media tried was due to the absence of bacteria. 

The optimum temperature for growth is 22° 0., development 
ceasing at 27° 0. (Falck ™). In this respect Merulius lacry- 
mans differs from most wood-destroying fungi, including the 
closely related Merulius silvestris, which continues to develop 
at temperatures up to 34° 0. The mycelium of Merulius 
lacrymans is killed at 38° C. 

During growth the mycelium exudes drops of liquid, 
probably containing soluble decomposition products of the 
attacked wood. It is the exudation of these droplets which 
has given rise to the specific name of the fungus. 

The fungus is able to spread over great distances, even 
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where insufficient moisture is available to support growth. 
This is due to the development of bundles of hyphae, ‘ rhizo- 
morphs which act as water-conducting organs which supply 
the mycelium growing in dry places with the necessary 
moisture. Falck contends that the nature of tlie rhizomorphs 
is not that of a water-supply system, and states that Merulius 
lacrymans produces sufficient moisture by the decomposition 
of the wood to satisfy its water requirements and even to 
render the surrounding atmosplicre damp. This statement 
undoubtedly requires confirmation. The rhizomorphs are 
described in somewhat greater detail in Chapter XII. 

According to the functions which the hyphae of the fungus 
have to fulfil, they are differentiated into throe structural types. 
These are the ordinary thin-walled hyphae, the water-conducting 
hyphae mentioned above, and a sclerenchymatous typo possessing 
very thick walls. Clamp connexions aro present in the hyphae 
and chlamydospores are formed. 

The fructification of Merulius lacrymans consists of a thick felt- 
like crust, 10 to 20 ems. across, attached throughout to the 
substratum. It sometimes assumes a liraokot-like and imbricate 
appearance. The surface is brownish in colour, and covered with 
low anastomosing wrinkles, over which the hymenial layer is spread. 
Four short sterigmata on each basidium bear the spores, which are 
deep brown or snuff-coloured, and give the hymenium a powdery 
appearance. The spores, which measure 0 to 12 /a by 6-5 to 
6-6 /A, aro dish-shaped, with the convex side turned outwards 
while they aro on the sterigmata. 

The whole fructification is surrounded by a mass of white 
mycelium resembling cotton-wool and later turning dull grey. 
Sometimes the entire hymenium remains sterile, in which case it 
does not turn brown but remains a dirty grey colour. (Description 
based on Harshbergor Massee®'^, ct aliis.) 

PolypoTUS adiostus, Willdonow. 

Syn. : IMetus acUstus, Willdenow. 

Boletus siiberosus, Batsch. 

Boletus pelleporus, Bulliard. 

Boletus concentrims, Schumacher. 

Bona argentia, Ehrenborg. 

Bolyponis adustus, Fries. 

This species occurs commonly in dead sapwood of the red 
gum tree {Liquidamba styraoifiua) and on the dead sapwood 
of other broad-leaf trees (von Schrenk*^” and von Schrenk 
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and Spaulding It is responsible for a white spongy rot of 
the attacked wood. 

The imbricated sporophores are irregular in shape and size, and 
broader at the base. They are thin, but tough and fleshy in 
consistency and faded grey in colour. The margin is stiff and 
blackish. The pores are short, small, and rounded. They are 
whitish when young, but later become greyish-brown. The 
mycelium of this fungus shows clamp connexions. 

Poly]3orus amorphus, Fries. 

Syn. : Pohjporus nitidus, Albertiiii et Schweinitz. 

Boletus irregularis, Sowerhy. 

Boletus ahietinus, A. P. de Candolle. 

Bolyporus aureolas, Persoon. 

Bolyporus roseo-poris, Rostkovius. 

This species and Polystictus abietinus do a great deal of 
damage to pitch pine in Pennsylvania, causing a rot which 
eliminates most of tl\e cellulose, and in the later stages also 
some of the lignin (Overholts 

Ihe sporophores are spreading, resupinate, and very irregular in 
^ape. They are often imbi’icated, or merging one into another. 
They aie thin, tough, fleshy, white in colour, and covered by 
delicate hairs. The pores are small, irregular, and golden yellow 
to I’eddish in colour, 

Polygjorus halsameus, Peck. 

This occurs on fallen trunks of coniferous trees, in which it 
produces a brown cubical rot of the heartwood. 

The pileus is rather thin, corky, plain, 2 to 3 cms. broad, 
sessile or sometimes possessing a false stipe, downy and pale 
brown with lighter concentric zones. The flesh is white and the 
pores are short, minute, and subrotund. The dissepiments are 
thin, acute, denticulate, and white (Peck ““). 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are downy, with a broad, colourless, 
appressed, advancing zone. Later they become more woolly and 
finally assume a farinaceous texture. The colour is white 
gradually becoming drab, with occasional honey-coloured patches. 
The spread is moderately rapid, slopes becoming covered in the 
third week. 

Submerged mycelium: (1) The hyphae are delicate, colourless, 
and 2 to 6 f(, wide, with firm hyaline walls. They are branched 
and septate, and in old cultures produce large conspicuous and 
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irregular expansions which occur both singly and in series. 
Numerous clamp connexions are present : (2) Ohlamydospores are 
developed during the first week, usually in the fine liyphae about 
2/x wide. They are elliptical to subspherical, measuring 10 by 
12 /r, or may be irregular, ranging from 7 to 10 /x by 12 to 22 /x. 
They may be terminal or intercalary, and_ have thick, smooth, 
hyaline walls and colourless to yollowish contents. Aerial 
mycelium'. (1) The advancing zone and part of the older mat are 
similar to the submerged mycelium, (2) Ohlamydospores are often 
produced terminally, in spray-like clusters, but also in intercalary 
positions, forming chains. Their contents are yellowish to deep 
brown. (3) Coarse hyphae are produced which are similar in type 
to the above, but have thicker walla and frequent sac-like 
expansions which are filled with dense, drab-brown contents. 

PolypoTUs horealis, Wahlenberg. 

Syn. : Boletus horealis, Wahlenberg. 

Boletus alhus, Schaeffer. 

JPolyjporus horealis, Fries. 

Tliis species is regarded by Haas;" as an important type 
responsible for the decay of coniferous wood and pulp. 

The sporophores, which last for only one season, are bracket- 
like, soft, and spongy, and are usually imbricated. They measure 
10 to 20 cms. by 6 to 16 cms, broad, and are attached by a broad 
base, or narrow into a short, more or less distinct, stem. The 
uj)per surface is whitish, rough, often more or less radially 
wrinkled, somewhat hairy, and sodden in appearance. The pores, 
on the underside, may be regular with rounded openings, or 
irregular, elongated, and wavy, with the dissepiments torn. The 
spores are colourless and subglobose. They measure 4/x in 
diameter. (Description based on Ilarshberger and Massee'".) 

Hubert states that clamp connexions are absent, but Fritz 
finds them present in laboratory culturo.s. 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are thick and soft, and have a feisty, 
velvety surface. Felty balls and ridges are formed over the 
surface. Sporophores are not infrequently formed. The mats 
are white or creamish in colour, and spread slowly, slopes being 
covered in five weeks. The mats are thick, however, 

Stihnerged myeelium : (1) The hyphae are fine, regular, 2 to 6 /x 
wide, and much branched. They are septate, show abundant 
clamp connexions, and have firm, colourless, hyaline, and 
refractive walls. (2) Ohlamydospores are abundant, and vary in 
form from spherical to pear-shaped or irregular. They have 
smooth hyaline walls, coarsely granular contents, and are 6 to 
10 /X by 10 to 20 /X in size. Aerial mycclimii (1) The advancing 
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zone and part of the older mat are similar to the submerged 
mycelium. (2) Chlamydospores as above. (8) Fibre-like hyphae 
develop m old cultures and have thick walls and nari’ow luniina. 
They are sparingly branched and septate, often irregular in outline, 
and show infrequent clamp connexions. 

Polyporus destructor, Schrader. 

Syn. : Boletus destructor, Schrader. 

This species occurs chiefly on structural coniferous wood in 
damp places. I he rot for which the fungus is responsible 
causes a softening of the wood not unlike that produced by 
' dry rot ’. 

The fiuctifications consist of patches 7 to 15 cms. long which 
are effused or partly reflexed. They are fragile, rugose, brownish- 
white in colour, rather fleshy and ‘ watery-zoned ’. The tubes are 
about 1 cm. long, the pores white and rounded. The dissepiments 
become torn into teeth at the margin. The tubes form nearly the 
whole of the fruit body (Massee ”). 

Polyporiis ponderosus, von Schrenk. 

Has been described .by von Schrenk®^ as the cause of 
a brown rot of Pinus ponderosa, known in America as the 
western yellow pine. Haas^i regards the fungus as a 
dangerous type, decaying wood stored under rather warm 
and moist conditions. 

The spoiophores start as flesh-coloured knobs which increase in 
size and turn reddish, foi'ining brackets. These occur singly or in 
gioups of two or thresj and may continue to grow for some 
yeais, a ring being added on the outside when new growth 
commences. The upper surface is rough, and appears as if 
covered with a waxy substance which has hardened and cracked. 
The lower surface is smooth with regular pores (blarshberger '^®). 

Polyporiis squamosus, Hudson. 

Syn. : Boletus squamosus, Hudson. 

Boletus caudicinus var. 1, Scopoli. 

Boletus ceilulosis, Lightfoot. 

Boletus jufflandis, Bulliard. 

Boletus platyporus, Persoon. 

Polyporus squamosus, Fries. 

Polyporus giganteus, Harzer. 

Polyporus flalelUformis, Persoon. 

Is responsible for a white rot of most dicotyledonous trees 

except the oak (Buller 
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The sporophores are usually imbricated, or several arise from 
one point on a more or less lateral stem. They are fan-shaped or 
nearly circular, fleshy behind, and becoming thin towards the 
margin. They are usually 10 to 30 cms. across, tliough specimens 
up to 65 cms. across have been recorded. Growth is very rapid. 
The substance of the fruit body is at first soft and juicy, later 
drier and very tough. The upper surface is dingy' yellowish- 
white, with darker appressed scales, giving a roughened appear- 
ance. The pores are large, irregular in form, and whitish, with 
a short stem and blackish base, the pores running dowm the stem 
(Massee”). The spores are egg-shaped, hyaline, and 5 by 12 p. 
(Rabenhorst '’). The hyphae of this fungus show clamp connexions. 

Folyporus suhaoidus. Peck. 

Syn. : Poria siibcmida, Peck. 

Produces a white rot which is common on the fallen trunks 
of coniferous and other trees, and on felled timber (von 
Schrenk). 

The mycelium grows out over the bark and forms yellow felts. 
A few weeks later small pores begin to form. Certain hyphae of 
the sheet turn out at right angles and grow out to form shallow 
pores, which are almost round and separated by thin dissepiments. 
No pores are formed at the edge of the sheet, a fringe of sterile 
hyphae being left. This distingui.shes the species from many 
allied forms. The hymenial layer and the pores are straw 
yellow (von Schrenk). 

The pores are minute and often oblique. 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Ifritz: : 

The mats of mycelium are at first light, ilocculent- downy, with 
a broad - appressed advancing zone. They lator become vmolly. 
Their colour is at first white, but later yellowish. The spread is 
rapid, slopes becoming covered in two weeks. 

Submerged mycelium : The hyphae are delicate, colourless, and 2 
to 6 /r wide, with firm hyaline walls and coarse granular contents. 
Clamp connexions are numerous. Aerkil mycelium : (1) The 
advancing zone consists of vigorous turgid hyphae similar to the 
submerged. (2) Part of the older growth is similar to the sub- 
merged. (8) Pine fibre-like hyphae, which are 1 to 3 y wide and 
sparingly branched and septate. They have thick hyaline walls 
and narrow lumina, at first having granular contents, but soon 
becoming empty. 

Folyporus sulpJmreus, Bulliard. 

Syn. : Boletits sulphureus, Bulliard. 

Boletus cauclicims mr, 2^ Scopoli. 
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Boletus coriaceus, Hudson. 

Boletus tenax, Bolton. 

Boletus lingua cervina, Schranck, 

Boletus citrinus, Planer. 

SistotTCvna sulpJiUTeum, JKebentiscli. 

Polgporus sulpJmreus, Fries. 

Polgporus Todari, Inzenga. 

Although frequently a paravsite, this fungus may attack the 
heartwood of dead trees (Boyce and also structural timber 
(von Schrenk and Spaulding It is responsible for a brown 
cubical rot. 


The sporophores occur in groups, either tufted or imbricated, 
and form inasses 20 to 100 cms. across. The fruiting bodies are 
usually sessile, but if developing on the underside of a log they 
may have distinct stipes. The individual iiarts are comparatively 
thin wavy plates. The upper surface is sometimes rather hairy, 
very moist, and yellow or orange in colour, being brighter at the 
margin, and turning brown when bruised. The flesh is soft 
yellow, and later whitish,^ is of a cheese-like consistency, and 
contains a clear yellow liquid when young. The lower surface is 
ulphur yellow, soft, and even. The pores are minute and the 
spores elliptical and minutely warted. They measure 7 to 8 u by 
d- to 6 /X (Massee ^ , 

Numerous drops of liquid sometimes exude from the under 
surface of the shelves ; this liquid contains melezitose, a sugar 
produced by the fungus, ® 

Hubert noted the presence of clamp connexions in the hyphae 
0 le fungus, but Fritz does not record their presence in 
laboratory cultures. 


The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are soft and downy, becoming spongy 
with age, and are coloured white at first and later turn to 
ochraceous salmon. The spread is moderately fast, slopes be- 
coming covered during the third week of growth. 

Submerged mtjcelium : (1) The hyphae are rather delicate, hyaline, 
loosely branched, frequently septate, and often constricted at the 
septa, but showing no clamp connexions. They vary in width 
from 3 to 12 g and, in old cultures, up to 22 g. (2) The chlamydo- 
spores are irregular in outline, terminal or intercalary, 10 to 13 /x 
by 18 to 30^ in size, and have relatively thin walls. Aerial 
mpceliim : (1) The advancing zone and most of the older growth 
of hyphae are similar to those in the submerged layers. (2) The 
chlarnydospores are borne terminally, in spray-like clusters, or are 
formed in series m intercalary positions. In the former ease they 
are subspherical and in the latter varied in outline. They measure 
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6 to 7 /A by 6 to 11 /x in size. (3) Fine fibre-like hypbae are found 
1 n old cultures. They are 1 to 3 /a wide, have thick walls and 
narrow lumina, and show infrequent branching and septation. 

Foly^jiorus v(dUianf/hi, A. P. de Candolle. 

Syn. : Boletus vaillkmtii, A. P. de Candolle. 

Polyporus vaillkmtii, Fries. 

Tliis fungus was found by Mitchell «•' to be a common cause 
of rot in coal-mine timber. 

The fructification is thin, white, and spreading. The mycelium 
is entangled to form a ribbed membrane on which clusters of short, 
fairly large, delicate, and irregular pores arise. 

Ik)lyporu8 va 2 )orarkw, Porsoon. 

Syn. : Poria vuporaria, I^ersoon. 

Bolelus vaporarius, Porsoon. 

Polypoms vaporarlus, Fries. 

Pobjporus incerlus, Persoon. 

la a very common saprophyte on all typos of wood. The 
rot caused by this fungus, a cubical brown rot of the aap- 
wood, greatly roaomblea that produced by M&nilius lacvymam 
and haa proba.bly been frequently mistaken for it. The 
■fructificationa, however, when present, are auHiciently diverse 
in appearance to make the difibrentiation possible. Haas'” 
considers that Polyporixs vaporarlus is particularly dangerous 
■wliero wood is atored under rather warm conditions. 

The .sporophores are spreading and crust-like, and adliero to the 
substratum. Tho mycelium is tufted, white, and on larger 
surfaces often forms anastomosing strands. The porc^a are fiiirly 
large, angular and white, forming a tough, lasting layer. The 
.spores are longish, colourless, and slightly curved. 

The fructifications tend to be abnormal when occurring in 
buildings. 

Bolyponis volvakw, Peck. 

The rot produced by this fungus is described by Meineeke®" 
as a slowly progressing and rather superficial grey rot. This 
probably implies that tho lignin of the attacked wood becomes 
largely destroyed. That the cellulose present is also attacked 
is clear from the observations of Schmitz®'’', who found that 
both cellulase and hemicellulases are produced by this species. 
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The annual fruiting bodies are rather small, light yellowish- 
jDrown when young, white with age, hoof-shaped, and corky to 
hard. The entire surface is very smooth. The underside, with 
its small pores, is hidden by a thick leathery skin which forms 
a pouch. The spores, which are pink in colour, escape through 
a small hole in this skin (Meiiiecke ®"). 

Polystictus abietimis, Dickson. 

Syn. : Boletus abietinus, Dickson. 

Boletus purpumscens, Persoon. 

Boletus incarnatus, Schumacher. 

Polyporus abietinus, Fries. 
ei alia. 

Is regarded by Haas as an important type responsible for 
the decay of coniferous wood and pulp. Overholts found it 
causing a brown rot on dead pitch pine in Pennsylvania 
(see also Polyporus {imorphus, Pries). 

The sporophores are spreading, resupinate, and often imbricated.. 
They are leathery, thin, greyish-white in colour, and indistinctly 
zonate on the upper surface. The margin is frequently corrugated. 
The pores are angular and purplish when young, later becoming 
irregular, faded purple in colour, and merging into one another. 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are at first thin, with a farinaceous 
surface. Later they become sidn-like, with a felty -woolly surface 
and deep radiating furrows. Their colour is white, becoming 
sodden, and the spread is moderately rapid, slopes being covered 
during the third week. 

Submerged mycelium : (1) The hyphae are hyaline, colourless, 
branched, septate, and 2 to 4 ^ in width. They have firm walls 
and abundant conspicuous clamp connexions. Aey'ial mycelium : 

(1) The advancing zone is sirnilar to the submerged mycelium. 

(2) The older growth is similar to the submerged, but with 
thicker walls, and shows a tendency to form short upright branches 
with many irregular enlargements. The hyphae are 3 to 5 /t wide. 

Polystictus p&rgamenus, Fries. 

Syn. : Polyporus pergamenus, Fries. 

This species often occurs on standing trees which have been 
killed by forest fires. It will develop in the sapwood of 
practically all dead deciduous trees, causing a white rot. 

The sporophores usually grow together, one over another, and 
joined laterally to form long series of shelves. The body of the 
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sporophore is leathery and rigid. The top is concentrically 
silicate, usually white when young and greyish when older. The 
upper surface is slightly hairy. The lower surface is generally 
purplish in colour. The pores are small and the dissepiments 
become much torn and lacerated, so that in older specimens they 
resemble teeth or spines (von Schrenk and Spaulding 

The mycelium of this fungus shows clamp connexions. 

Folystlct'U s stipticv s, Persoon . 

Syn. : Folypoms stiptiais, Persoon. 

Boletus stiptims, Persoon. 

Polystictus st'ipticus. Fries, 

This fungna is rcaponaible for a white pocket rot. It was 
reported present in decayed structural timber of coahminea 
by Mitchell 'h 

The fructifications are cushion-shaped and merge into one 
another to give an imbricated structure. They are about 12 cnis. 
in width and 2 oms. thick, with a hook-like 'stem. They are of 
fleshy to corky and somewhat brittle consistency, with a smooth 
and white surface The margdn is blunt and reddish, and the 
pores are long, cylindrical, white in colour, and even in size. 

Polydid i 1 8 im'8i(!ol(>r, Jf ri os. 

Syn, : Boletus wrsUiolor, Linnaeus. 

Boletus atro-rufus et mriegatus, Schaeffer. 

Boletus imbrinatus, Scopoli. 

Boletus plicatus, Schumacher. 

Polyporus versicolor, Fries. 

Polyporus argyraccus, Persoon. 

Polyporus stcrcoulcs et railiaius, Kostkoviu.s. 

Polyporus zonatus, lioatkovius. 

Polyporus nigricans, Lasch, 

This is ono of tho moat deatrnctivo fungi on dicotyledon ou.s 
woods (Frit55 Sooner or later all timlier in contact witli 
soil appears to become attacked liy tins fungus (von Schrenk 
and Spaulding'^'’’). Tliough the rot caused by it is described 
by Hubert"'*, Haas"^ and Tussson"" as a white Bpongy rot, 
von Schrenk and Spaulding state that it decompoRos both 
lignin and cellulose. Smith"", however, reports that it attacks 
all the carbohydrate constituents of the apple tree, but leaves 
the lignin undamaged. 

The varicoloured sporophore.g occur singly or in dense ma.gsGs 
forming series of overlapping shelves. They are very variable. 



THE EUMYCETES. GEOUP B 


137 


according to the conditions and the wood attacked. They are 
sessile, with a soft hairy upper surface resembling Stereum 
hirsutum, and showing alternate light and dark bands, usually 
white and yellow, but showing considerable variation in colour. 
The sporophores are fleshy when young, but tough and leathery 
later, when the front edge curls in also. The margin is irregular 
and wavy when dry. The lower surface is usually snow white 
and the pores are exceedingly regular and minute. The body of 
the sporophore is very thin, not exceeding the thickness of heavy 
paper (von Schrenk and Spaulding 

Oidia and chlamydospores are formed by the mycelium. 
Hubert found no evidence of clamp connexions in the mycelium 
in wood cultures, but Fritz reports their j)resence in cultures on 
artificial media. 

The following morphological characteristics of laboratory cul- 
tures on potato-dextrose agar are taken from Fritz : 

The mats of mycelium are downy when young, later becoming 
felty and finally chalky. They are white and later yellow. The 
spread is rajDid, slopes becoming covered in twelve days. 

Siibmerged mycelium : The hyphae are colourless, hyaline, much 
branched, and septate, with numerous clamp connexions. The 
hyphae are 2 to 6/x wide, and in old cultures are often very 
irregular in outline and greatly enlarged. Aerial mycelium : (1) 
The hyphae are similar to those of the submerged mycelium. (2) 
Colourless fibre-like hyphae, which are 2 to 6 /a wide, have thick 
hyaline walls and narrow lumina. They show infrequent branch- 
ing and septation, very infrequent clamp connexions, and frequent 
terminal and intercalary expansions with very thick walls. 

Poria atros 2 Joria, Ames. 

This may be found in coniferous wood. It causes a brown 
cubical rot and sometimes limits its attack to the spring 
wood, while in other cases it destroys only the summer wood. 

The sporophore is resupinate, broadly effused and easily 
separable. The margin is sterile, and pale umbrinous in colour. 
The hymenophore is porose, very fragile, and is friable when 
dry. The pores are 1 to 6 mms. deep, the dissepiments thin, and 
the mouths irregular to subrotund, 1 to 6 to the millimetre. 
The trama is pale umbrinous, but the pores are deep, fulgineous, 
because of the abundance of dark spores. The spores are oval, 
dark brown, and measure 4 to 6-6 /i, by 8 to 10 /x (Ames ‘’“j. 

Poria incrassata, Burt. 

Syn. : Merulius incrassatus, Berkeley et Curtis. 

This species produces a brown rot in coniferous wood 
resembling that of Merulius lacrymans. Humphrey states 
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that it is a dangerous enemy o.f structural coniferous woods, 
and that it sometimes attacks oak also. The optimum 
temperature is stated by him to lie between 24 and 28° C., 
though the mycelium will grow at 13° C. At 36° C. its 
development is checked. 

The mycelium is whitish when young, but turns yellowish- 
olive to brownish with age. It forms fan-shaped slieeis. The 
Iruiting body is Hat and attached to the surface of the substratum. 
It varies in appearance, being orange to olive when young, but 
later turning tp sepia and then brownish-black or even black. No 
orange coloration is j^resent in fructifications formed in the dark. 
The fructification is 1 to 2 cms. thick, fleshy when fresh and 
drying to a fragile collapsed black mass. The spores are oval in 
shape, dusky olive to brown in colour, and measure 6'6 to 7 /i by 
8 to 10 /X. The fungus is often found in the sterile condition. 
Ehizomorphs are sometimes formed. They are small and white 
when young, becoming brownish -black later. They are often 
flattened, and lie closely appressed to the decayed wood. (Descrip- 
tion based on Humphrey 

Trdmetes carnea, (Nees) Oorda. 

Causes a brown cubical rot in coniferous heartwood. It is 
regarded by Snell and others as probably identical with 
Fames roseus, Albertini et Schweinitz, tlie former being an 
annual and the latter a perennial type of the same species. 

A description of Fames roseus is given on p. 124. 

Tmmetes cinimbarina, Jacquin. 

Syn. : Boletus einmharmus, Jacquin. 

Boletus coGcmcus, Dulliard. 

Bolyporus dnmiharimis, Fries. 

Trametes cinnaharina, Ifries. 

This species is considered by .Haas'” to be an important 
destroyer of wood and pulp. It causes a brown or ‘ red ’ rot, 
especially in material stored under rather warm conditions. 

The sporophore is flat to convex and moasures up to 12 cms. 
across. It is corky and delicatoly liairy when young, but later 
becomes glabrous. It is indefinitely wrinkled, zonate, and of an 
intense cinnabar-red colour. The pores are cylindrical, of uni- 
form dimensions and of the same cinnabar-red colour. 

Trametes malUs^ Sornmerfelt. 

Syn. : Daedalea mollis, Sornmerfelt. 

Bolyporus cervims, Persoon. 

Trametes mollis, Fries. 
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This is another of the species which Haas®’^ considers 
responsible for the decay of wood and wood-pulp stored under 
warm conditions. It was identified by Mitchell as occurring 
in coal-mine timber. 

The sporophores are resupinate, sometimes round, and 2 to 
6 oms. broad, sometimes elongated up to 80 cms. They are thin, 
almost skin-like, and light buff in colour, later becoming brown. 
The under surface is downy and has a brownish margin which is 
reflexed on ageing. The pores are very irregular, wide, wavy, 
frayed, and often angular. 

Trametes odorata, Wulfen. 

Syn. : Boletus ocloratus, Wulfen. 

Boletus annulalus, Schaeffer. 

Polyporus odoratus, Fries. 

Trametes odorata, Pries. 

This species was observed by Mitchell in the timber of 
coal-mines. 

The fructification is cushion-like, 5 to 8 cms. broad and of 
corky consistency. During the first year it is brownish-yellow 
in colour, but later becomes blackish-brown, felted, and concen- 
tj-ically furrowed. The margin is cinnamon-brown. The pores 
are cylindrical or oval and are also cinnamon-brown. 

T'f'ametes serialis, Fries. 

Syn. : Pohjporus serialis, Fries. 

Boletus contiguus Albertini et Schweinitz. 

Polyporus contiguus, Persoon. 

Polyporus scalaris et frustulatus, Persoon. 

This pi'oduces a brown cubica^l rot in coniferous woods. 
Snell states that it may possibly be identical with Fames 
officinalis. 

The sporophores, which occur in rows, are spreading, resupinate, 
of corky consistency, wrinkled, and bluish-grey in colour. The 
margin is blunt and the pores are small, white, and irregular, 
particularly in the crust-like part of the sporophore which adheres 
to the substratum. The individual sporophores have a width of 
1 to 1-5 cms. ; in rows they may reach a width of 0'3 to 1 metre. 

The, following morphological characteristics of laboratory cul- 
tures on malt agar are given by Snell : 

The mycelium is colourless and PS to Sfi /x in diameter. The 
septa and clamp connexions are faudy abundant, but fewer than in 
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the fruiting mycelium. Branching is irregular, not abundant, 
not necessarily at right angles, and forking is common. The 
hyphae are straight for the most part and the contents homo- 
geneous. Anastomosis is occasional, and chlamydospores are 
few. They are colourless, elliptical, fairly thick-walled, and 
measure 4-6 to 10 /x by 7 to 21 /x. The later fruiting mycelium is 
colourless, 4 to 6-6 /x in diameter, unequal in thickness, and in 
much of it the contents have disappeared. There are abundant 
piotuberances, round or bluntly pointed. Branching is commou 
usually at the clamp connexions. Both septa and clamp connexions 
are abundant, and anastomosis is common. The chlamydospores 
are as above. 


•Family : Agdr'icac^eae-. 

AnmlUtrla mellea, (Valil) Qiidlot. 

Syn. : Agmicus mdUus^ Flora danica. 

Agarims obscurus, Schaeifor. 

Agmicus annularis, Bulliard. 

Agaricus siipitis, Sowerby. 

Agarkus mutahUis, J’lora Batava. 

Though generally a parasite, this fniigus is found as a 
destructive agent of old tree-stumps and of pit-p].’op,s in coal- 
mines. It produces a white rot, but the wood does not appear 
to be seriously affected (von Schrenk^'). Haas'”, however, 
regards it as a dangerous type. It belongs to tlio group of wood 
deati’oyers which, I’ender the attacked wood phosphorescent 
(Molisch 

The pileus is oval to^ convex and expanded, sometimes with 
a slight elevation. It is smooth or adorned with pointed dark 
brown or blackish scales, especially in the centre. It is honey- 
coloured to dull reddish-brown. The margin is even or somewhat 
striate when old. The gills are adnate, or decurrent, and whitish 
in colour, sometimes with reddish-lirown spots. The stipe is 
elastic, spongy, sometimes hollow, smooth or scaly. It is 
generally whitisli, but sometimes grey or yellow above the ring 
and reddish-brown below. The cap is 4 to If) cms. broad, and the 
stem 5 to 16 cms. long and 1 to 2 cms. thick (Harsliberger 

The spores are white and elliptical and measure f) l)y (> g. 

.Lentinus lepidem, Fries. 

Syn. : Agarkus lepideus, Fries, 

Agaricus sguamosus, Schaeffer. 

Amanita crispa, Lamarck. 
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Agaricus tesselatus /3, Albertini et Sohweinitz. 

Agaricus tigrinus, Sclmmacher. 

Lentinus sgmmosus, Schroter. 

Causes a brown cubical rot in structural timber (Mitchell 
and SnelP'^). It produces an odour of turpentine in the 
attacked wood. The changes caused by the fungus in ground 
wood were studied by Bray and Andrews Falck regards 
this as one of the most dangerous species of wood-destroying 
Agaricaceae, 

The pileus is irregularly shaped, convex when young, later 
flattened, 5 to 12 cms. broad. It is someAvhat eccentric, tough, 
fleshy, compact, ochre coloured, and covered with darlcer scales. 
The stem is thick, and bears felt-like scales and rhizoids, The 
gills are wavy, broad, frayed, striped, and whitish in colour. The 
spores are almost spherical and measure 2 to 3 //. in diameter. 

The following morphological characteristics of laboratory cul- 
tures on malt agar are given by Snell : 

The mycelium is light cottony or felty when young, and 
exhibits a tendency to form zones of aerial mycelium. It turns 
brown with age and produces an aromatic odour. Microscopical 
appearance : The colourless mycelium is 2 to 3 /a in width, shows 
frequent branching and septation, but few clamp connexions. The 
chlamydospores are colourless, usually terminal and ellipsoid, and 
measure 8 to 14- /x by 10 to 29 yu,. They are commonly empty and 
show secondary walls, due to the contraction of the contents. The 
later mycelium is usually colourless, with occasional hazel-coloured 
hyphae and showing a slight colour in mass. They are long, stiff, 
hair-like, and measure 2-2 to 6*6 yu, in diameter. The chlamydo- 
spores are similar to those described above and are thick-walled. 
Irregular hyphae are common, SnelF‘ reports the development 
of abnormal fructifications on specimens found in building 
structures. 

Paxillus panuoides, Fries, 

Syn. : Agaricus panuoides, Fries. 

MeruUus lamellosus, Sowerby. 

Agaricus lamellirugits, A. P. de Candolle. 

GompJms pcisi/soides, Persoon, 

MeruUus crispus, Turpin. 

Agaricus croceolamellatus, Letellier. 

Gantharellus Putroclieiii, Montagne. 

Paxillus acherontius, Schrdter. 

This fungus occurs on stumps of coniferous trees, and is 
regarded by Falck as a dangerous wood-destroyer. ' It was 
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also identified by Maliood and Cable in a sample of infected 
mechanical wood-pulp. The decomposition had not proceeded 
very far, but it indicated a selective action on tlie cellulose of 
the pulp. 

The pileus is lieshy, mussel-shaped or nuig-shaped, and 2 to 
11 cms. broad. It is fleshy when young, but glabrous later 
sessile or reaupinate, of very irregular shape and whitish to dirty 
yellow in colour. The gills are closely set, branching, anasto- 
mosing towards the base, wavy, and yellowish in colour. The 
spores are yellow, spherical to elliptical, and measure 3 to 4 a bv 
4 to 0 /A. ' ’ ^ 

couvmune, Fries. 

Syn. ; AgaHciis alneus, Linnaeus. 

Agarkus multifidus, Batsch. 

Agaricus radiatus, Swartz. 

Produces a white rot in freshly felled beech wood (Tuzson"-'). 

rile pilous is very thin, fan-shaped, greyish-white in colour, 
often lobed, downy, and 2 to 6 cms. broad. The gills are pale 
brown with a tinge of purple, and have the split portion recurved. 
Ihe spore.s are of a dingy colour and moasuro 4 to G ti by 2 to 3 u 
(Massoe ' 


FUNGI IMPERFEOTI. 

Order : Sphaeuophidalks. 

.I’amily : iS2)hae7^luideacme. 

(Jhtuto^nella ho^'rida, Oudomana. 

Was isolated from humus by Oudemans and Koning^". 
Van Iterson, showed it to be a powerful cellulose 
decomposer, attacking this carbohydrate and forming delicate 
black hairy pycnidia on the cellulose discs used by him. 

The growth consists of a crGGj>ing branched mycelium, at first 
white and later turning brown. The peritheoia, which measure 
140 by 180/1,, arise sparingly on the surface of the growth. They 
are ovoid, closed and brownish in colour. The peritheeium 
possesses long erect hairs which are black and opaque at the base, 
and pale brown to pale olive above. They are smooth when 
young, but become rough on ageing, and show a system of 
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dichotomous branching. The elliptical spores taper towards the 
ends and measure 5’5 to 7 /r by 3-5 to 4 /r (Oudemans and Koning 


Fyrenochaeta kimiicola, Oudemans. 

This is stated by van Iterson, to be a moderately 
active cellulose decomposer, rendering the attacked cellulose 
a dark colour. It is interesting to note that he found the 
fungus developed best at alkaline reactions. 

The pycnidia are black, 260 y in diameter, and have an opening 
20 to 25 /A in diameter. The surrounding hairs are blackish- 
brown and 330 /r in length. The spores are elliptical, hyaline, 
contain globules, and measure 2-3 to 2-5 (Saccardo “). 


Order : Hyphoxiyoetales, 

Family : Mucedmaceae. Sub-family : liyalospome. 
Subdivision : Oosporeae. 

Monilia sitophila, (Montague) Saccardo. 

This was studied by Gerry and was shown by him to be 
capable of perforating the cell walls of woody tissues. The 
species is described under Group A (Chapter V). 


Subdivision : Gephalosporieaa. 

Triehoderma Konimjii, Oudemans. 

This type, which Oudemans and Koning reported to be 
one of the most common humus inhabitants in the forest of 
Spanderswoude, was shown by Koning to possess cellulose- 
digesting properties. 

This species forms a circular woolly growth which is white at 
first, later becoming greenish to olive. The hyaline hyphae are 
sparingly septate with opposite or alternate branches, each branch 
being once or twice forked. The final branches bear the green 
conidial fructifications, which measure 8 to 10 /a. The conidio- 
phores are elliptical, almost hyaline, aggregated without mucilage 
to form a ball, and measure 2*6 to 3 /u, by 3 to 4 /a. 

Unnamed species of Triehoderma were found by Otto'*^ 
and by Heukelekian ” to be among the most vigorous cellulose- 
decomposing fungi met with in soil. 


•i 


JHICRO-OEGANISMS ASSOCIATED WITH DECOMPOSITION 


Sul)ciivision : Botry 

III Imiihyehvmn., Corda. 

Syn. : (hpiXlana bombycma, Corda. 

Xjwrotricha bomhyoma, Kabenhorst. 

TliiH Hliceica w.w fouml I,y vim Iteraoii, to possess 
(iollnloHo-deeoniposing properties. 

matted, cotton wool-like 
are v dl ! m The ellipsoidal conidia 

may occasionally 

yrkeof/mh, Oudemans. 

Ls also Htatod l)y van Iterson, jr.'”’, to possess weak cellulose- 
( iecomposiiig properties. 

No de.scription of this funj?us appears in any of Oudemans’s 

pi’olaibly be regarded as 


X^porolricfimii, 'i'<im)liiiii, Oudcmaiis and Beijerinck. 

Jilin the two preceding species, this was shown to be 
capalde ol. slight cellulose decomposition in van Iterson, Jr.’s*'”, 
lixperiiuents. 

The widely spread mycelimn is faintly rose-coloured and consists 
of sparingly sejitate, delicate, irregularly branched, creeping 
llio inil)ruiicliG(l or brfiiicliod sido bnuicliGs servo us 
conidiophores. The conidia are formed terminally and are 
spherical to egg-shaped, hyaline when observed singly, and pale 
rose colour when observed in mass. They measure B to 6 y by B 


Bidrytw Bemia rhUi Balsamo. 


Syn. 1 StachylicUuM Bctsskmwn, Montague, 

This was found by Miyoshi''” to be capable of penetrating 
nieinbi anes containing cellulose, partly by mechanical pi’cssure 
and partly liy enzymatic activity. 


The mycelium forms a felted white layer from which the white 
conidiophores arise. They are mibranohed or branched : in the 
latter^ ease the short branches are arranged in forks. The 
spherical conidia measure 2 to 3 /a in diameW and are arranged in 
clusters at the tips of the branches. ^ 
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Botrytis tenella, Saccardo. 

This was found by Miyoshi to behave in a similar manner 
to the preceding species towards membranes containino’ 
cellulose. ^ 


The white mycelial growth is somewhat firmer than that of the 
previous species and consists of septate branched hyphae measur- 
mg 1-5 to 2;. in diameter. The erect oonidiophoree a?e irreguhriy 

meTsm-e i The egg-shaped fonidil 

XiX! ^ mi hyaline, and often possess oil 

globules. They are formed in clusters of two or three groups. 


Subdivision : VertiGilleae. 


Acrostalagmus oinnabarinus, Corda. 
Syn. ; Botrytis Ginnabarina, Fries. 


This was studied by Sde'^b who found that it produced on 
paper yellowish red spots surrounded by a yellowish or 
slightly orange zone (see Table II, p. 291). 

pie growth is composed of a matted layer of septate hyphae 
and erect septate conidiophores with whorls of four or five 
branches, whmh again possess whorls of four secondary branches, 
pie latter measure 12 to 14/. by 3 to 4/.. The conidia are 
ellipsoidal 3 to 4 /. long by 1-5 /. broad. They are rose-coloured 
and latei hyaline. They contain no oil drops. 


Oupmans and Koning isolated a species closely related 
to this type from hurnus, and they named it AGTOstalagmus 
cinnaharinus, Corda, var. nwtia, Oudemans. They give the 
following description of this variety : 


^ The giowth consists of orange or red tufts of creeping, branch- 
ing, septate hyphae. The septate conidiophores possess two or 
three series of opposite unicellular branches, surmounted by three 
verticillate skittle-shaped cells, each of which bears a mass of 
elliptical or oblong conidia, 3*5/. by 6 to 8/., adhering to one 
another by a mucous liquid. All parts of the fungus are tinted 
a very pale pink. The variety differs from the type species in 
its smaller^ dimensions, its unicellular opposite, not verticillate, 
branches divided into three, not four, secondary branches. The 
conidia,, on the other hand, are larger (Oudemans and Koning ^®). 

Bpicaria elegans, Corda, var. Sde. 

Occurred occasionally on paper in Sde’s^^ investigations. 
It produces light brown or coffee-coloured spots surrounded 
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by yellowish or light brown zones caused by the secretion of 
a pigment (see Table II, p. 291). 

The velvety white growth of the type species consists of hyaline 
septate creeping hyphae. The erect conitliophores are septate and 
covered with delicate short hairs. Towards the tip they bear 
several whorls of two or more branches, each of which bears 
a whorl of three or four branchlets at the end. The ovoid to 
spindle-shaped conidia are formed in long oliains from these 
branchlets. They are hyaline and measure IbS to 4 /a by 4 to 6 /x. 

The variety studied by S6e differs Itoiii the type species in the 
absence of the hairy covering of the conidiophore and in being 
yellow to brown in colour. 

Spicaria simplieissima, J enson. 

This species, was reported by Scales to be capable of 
decomposing cellulose in tlio prcsenc('. of inorganic nitrogen, 

The species quoted by Scales appears to be unknown to Raben- 
horst, who describes Spicariu simplkisshmi, Oudemans, isolated by 
Koning from humus, as forming a circular growth of delicate 
creeping, septate, hyaline, dichotomously branched hyphae. The 
growth is coloured cream-yellow to dirty grey in patches. 
Occasionally patches of purpie are found. Tlie erect conidiophores 
attain a height of 40 /x and are septatci, hyaline, and generally 
unbranched, with a whorl of three unseptate liyaliue branclilets 
at the tip. These branchlots measure 8 by 12 /x. Tho spherical 
conidia are formed in short chains of two or three at the tip of the 
branchlets. 

VeHkiUium iMerhkmi-, Berkeley. 

This was found by Heller'*" to possess sliglit cellulose- 
decomposing properties. 

The growth is woolly, velvety, and vividly r<Ki to cinnabar- 
red in colour. The closely sot cinnabar-rod conidiophores possess 
several whorls of secondary branchea, each of which again 
possesses a whorl of three or four branchlets. The conidia are 
elliptical, tapering towards the ends, 2-5 to S /x by 4 to 6 /x in size 
and are light cinnabar-rod. 

Sub-family ; 

TfiGliothecium roseurnt Link. 

occasionally found this species, under the name of 
Qephalothecium ros&mn,^ Corda, occurring on mildewed paper, 
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on which it produced salmon pink to rose-coloured spots 
surrounded by yellowish to slightly pink zones of pigment 
secreted by the fungus (see Table II, p. 291). 'Heller 
reports it to be capable of decomposing cellulose, although 
feohellenberg » previously found it unable to do so. 

A description of this species is given under Group A 
(Chapter V). 


Sub-family ; Hyalo]phTag')niae. 

BlastotriGhum, Corda. 

Syn. : AnodoiricJium, Corda. 

This genus appears to contain several species which 
decompose dead vegetable matter. Direct evidence of cellulose 
decomposition within this group has so far been obtained 
m the case of an unnamed species by Otto““, and by van 
Iterson, jr.'^'’, in the case oi BLastotricUbm puccinioides, Preuss 
(syn. : Myoogone puccinioides, Saccardo), a parasitic species 
living on Russula rubra and Russula Uvicle. 


1 he genus forms a layer of mycelium composed of creeping 
branched septate hyphae. The eonidia-bearing b-anches are e^recl' 

septate. The conidia occur singly and 
are elliptical with lyunded or pointed ends. They have two or 
more septa when np^ the spore wall being constricted at the 
legions of septation. The spores are hyaline or light in colour. 


Family: Bematiaceae, Sub-family; Rhaeosporae. 
Subdivision : Rericoneae. 

Btachybotrys alternans, Bonorden. 

Van Iterson, jr.-^®, found that this species had fairly marked 
cellulose-destroying properties. 


.stei’ile ^phae are creeping and show scorpioid dichotomous 

brow^n^Vnl papillate, are sparsely septate, dark 
blown m colouiv and measure 3 to 6 in diameter. The erect 

hyaline, usually imbranched, 
and measure 8-6 /x in diameter. At the tip they>ear a number of 

moot ^ or club-shaped, grey or hyaline sterigmata which 

tbttfot?'® are*formed the egg- 

snaped papillate black conidia, measuring 6 to 7-5 a by 8 to 12 « 

ihey occasionally contain two oil globules. 

L 2 
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^litchyhotrys atra, Corda. 

TIuh Kpceica was reported to be present on mildewed cotton 
y'oods by Davis, Dreyfus, and HollaiuDb See'^'^ found it 
(iommonly represented on mildewed paper, on which it pro- 
duced black ()r _i;'rconish-black spots surrounded by greenish- 
grt‘,y to brown xoncs due to a pigment secreted by the mycelium 
of the fungus (st3e Table II, p. J291), 

mycoliuiu forma a dolicato black growth. The hyphae are 
dichotomoualy branched and sparsely septate. The individual 
hyplnio ap[ioar yolluwish“gr<!en in colour. Conidiophores are 
formed jis branches, with spindle-shaped, almost hyaline sterig- 
mata. The conidia are egg-shaped, smooth, brown, 8 to 9 /x in 
length and contain two oil globules. The presence of a septum 
has Ihhui r(‘port(id. 

vVn unnamed species of t^l<ichyhoiryti was reported l)y Otto 
to b(5 capable of dtaioinposing cellulose. 


Subdivision : Toruleae, 

Tont/d cjid rid mw , Dink. 

iSyn. : Slilhuspura diarlamnu Mhronhorg. 

Oidiuiii. cliartarum, Link. 

Hporolrhhum dmrlammi, Porsoon. 

Tornla diartanim, Corda. 

d’lds was fovind by >Sce'‘^ to be an inhabitant of mildewed 
paper, on wbich it produced black spots (h(H) Table II, p. 291). 

The growth ('.enBists of an exteuaivo layer of creeping, branched, 
hyaline, septate mycelium. Tho conidiophores arise as short 
liyaliue ))ranches of the mycelium, gradually inerging into long 
curved or straight chains of conidia, Tho conidia are egg-shaped, 
smooth, and Ijrown, giving a blackish appeamnco to the growth. 
9'h(5 spores measure 5 to 0 p, l)y 8 to 9 /x. 

T(dd lid- 1 iG r( / d , W i 11 kom m . 

Syn. : Zenoclochus Uynipcnla, Willkomm. 

'.ronild Uf/niperdu, Saccardo. 

Tlie spores of this species wore found scattered deeply in 
the wood of lugs of white ash {FraadnuB (miermtna) and 
yellow poplar iLirmlendron Miprifoni) by Siggers‘^'’l Though 
the cell walls of the attacked wood are seldom perforated by 
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the mycelium of this species, Siggers nevertheless found that 
heavily infected logs had decreased in strength. 

On straw used for paper making, Haa-s" found this or 
a related species producing blackish papillae. 


^ The creeping vegetative hyphae infest the wood cells. They 
gieyish-black, sparingly branched, and sparsely septate. The 
Sn ae tip= of the hyphae oi on 

conS'of’‘« oeJIs. The chains 

eZolh wit* .if ‘0 ellipsoidal, 

me«ire8 bflo“ “ “ “ ““ 


The species of the genus Torula appear to occur chiefly on 
decaying plant material, but only in the two cases mentioned 
has direct evidence been obtained of their association with 
cellulose decomposition. 


Subdivision : Trichosponeae. 

TTichosporium, Fries, 

Here again the genus is widely distributed on decaying 
plant material. A species of Trichospormm was found by 
Heukelekian ^ to cause decomposition of cellulose in soil. 

The hyphae are creeping, irregularly branched, and light or 
dark brown m colour. The conidia are formed at the tips of hyphae 
or of branches, or on the sides of the hyphae. They are spherical 
or egg-shaped. They are also smooth or somewhat rough, brown 
or occasionally hyaline. Like SporotricJmm, which it resembles 
, the genus is little known. ’ 


Sub-family : Phaeodidymae. 

Subdivision : Bisporeae. 

Bispora monilioides, Corda, 

Tuzson states that this attacks freshly felled logs of 
beechwood, causing a white rot. 

The growth forms an extensive, glistening, blackish-brown, dusty 
layei. The mycelium, which is transparent and smoke-grey, is 
little branched and about 3-6 /x in diameter. The conidia-bearing 
side branches are short and almost skittle-shaped. The conidia 
are short and fusiform, with a thick septum, each cell showing an 
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oil globule. The spores are not constricted at the place of 
septation, are smoke-black in colour, and measure 6 to 7 /a by 19 
to 22 p.. The conidia are formed in cliains of three or more, one 
chain on each conidiophore. 

Dicoccum asperum, Oorda. 

Syn. : Sporidesmhm asperum, Oorda. 

Triclmladkm asperum, Harz. 

This species, under the name of TrudLOckulm^^^^ mpenm, 
was found by van Iterson, jr,'*’'*, to be capable of decompo.sing 
9 per cent, of the cellulose expo.sed to de.struction in 4-0 days. 
This rate was considered by him to be suliicient to I'ank the 
species as a powerful cellulose decomposer. 

It forms a black granular spreading growth on the surface of 
the substratum, and is composed of delicate, creeping, branched, 
hyaline or yellowish hyphao, which are usually spar-sedy septate. 
The papillate conidia are borne singly on short side branches. 
When young they are hyaline, but later become yellowish-brown 
to black. They are oval and usually consist of two cells, the spore 
wall being constricted at tho place of S(»ptation. In the young 
spores the lower cell is frequently pointed Jind smaller than the 
upper. The whole spore measures 10 to Id /a l)y 18 to 20 /a. 


Subdivision : (Jludosporiaac, 

Clculosporimii herhar um, Link. 

Several workers have found this spueicH on decaying 
cellulose. Sdo reported its occurrence on |:)aper, Davis, Di’oy f us, 
and Holland found it on mildewed cotton goods, while Hau- 
raan®^ and later Ruschmann”, observed it on (lew-retted flax 
fibres. . Van Iterson, jr.'^*’, showed that it do.stroyed cellulose to 
a moderate extent, and Ko.sin''"'^ also found it active in this 
respect. Schellenberg appears to be the only investigator 
who could obtain no po.sitivc evidence of its action on cellulose. 

Unnamed CLadosporlum species were reported present on 
mildewed cotton goodKS by Levine and VeitclU’’’' and by Bright, 
Morris, and Summers and on wood-pulp by Barnes 
A description of the morphology of (Jla<loBp()rmm herhanm 
is given under Group A (Chapter V), 
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Sub-family : Phaeodictyae. 

Subdivision : Macvosforieae. 

Stemphylium botryosiwi, Wallroth.. 

Syn. . (according to See) UToclctdium dotrytis, Pi'euss. 

j?liis was isolated by Oudemans and Koning^° from humus. 
A variety of the species was obtained by Sde from mildewed 
paper. 

The creeping hyphae spread widely over the substratum. When 
young they are thin, irregularly branched, hyaline, and unseptate. 
On ageing they become brownish, beaded, and septate. The 
Oldinary bi’aiiches are short, beaded, branched or unbranched, 
hyaline or coloured, and frec^uently forked at the tip. Each bears 
conidium on a short pedicel. The conidium is spherical to 
elliptical and is divided horizontally into two to six cells of which 
one or more may possess a vertical or oblique septum. The 
colour of the conidium is fawn to blackish-brown. The conidia 
measure 16 to 20 /i by 26 to 40 /i, and when old their surface is 
finely stippled (Oudemans and Koning^'*). 

. Stempliylium hotryosiim, Wallroth, var. domesticum, Saccardo. 

This, or a closely related variety, was found by Sde^’- to 
produce deep brown spots on paper (see Table IT, p. 291). 

In this variety the conidia are inverted egg-shaped, and possess 
three septa. The conidia are smoke-coloured and the mycelium is 
hyaline. 

Btemjphylium gmminis, Corda. 

Syn. : Soredospora graminis, Oorda. 

Siemphylium graminis, Bonorden. 

This and the other species of Stemphyliwin enumerated 
below were found by Sde on mildewed paper, on which they 
produced black stains (see Table II, p. 291). 

The growth consists of an extended, almost paper-like black 
mycelium composed of extensively branched, beaded, ochre- 
coloured transparent hyphae. The spores are brownish-black, 
10 to 30 p, in diametei’, and possess transverse and vertical septa. 

Stemphylium macrosporoideum, Berkeley. 

Syn. : Epoclinium macrosporoideum, Berkeley et Broome. 

StempTiylium macrospor(Meum, Saccardo. 
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In addition to van Iterson, lias studied this 

species in its relation to cellulose, of which he found it to be 
a very active decomposer. Van Iterson also empliasizea that 
there is a great similarity between this species, Myaoqona 
'puccinioides and Trichodadmm aspermn. 

The growth consists of an extensive, dark-coloured mycelium. 
The hyphae are delicate, irregularly branched, hyaline, septate, and 
interwoven. Side branches bear the spherical to mulberry-shaped 
conidia, which are hyaline and unicellular when young, but later 
become chestnut-brown and divided into four cells. By the 
septation the lowest cell may become slightly swollen a,nd‘ serve 
as a pedicel for the remaining three. The spores measure 14 by 

26 /X. 

Btemphjlium piriforme, Bonorden. 

The mycelial layers are black and fairly loose. The hyphae are 
extensively branched, creeping, septate, and smoke-coloured. The 
greyish-black conidia are formed at the tips of the hyphal branches. 
They are inverted pear-shaped or ovoid, and have three or four 
septa arranged muriformly. The walls of the conidia are con- 
stricted at the points of septation. The conidia measure 12 to 
16 /X by 26 to 30 /x. 

^teinphylium verriMHdosum, Zimmermaim. 

Syn. : Macrospormn vcrrucuhsum, Zimmermann. 

Stmphjlmm verniimhsum, Saccard o. 

The growth consists of a wido.spread olive-coloured layer of 
curved, branched, septate hyphae, 22 /x in diameter. The conidia 
are egg-shaped or elliptical, and possess two or three horinontul 
septa in addition to vortical, thus givingtliesporo wall a muriform 
appearance. The conidia are brown, opaque when ripe, and 
papillate. They measure 11 to 18 *6 /x by 17-6 to 22 /x. 

Unnamed species of Btemphyliwn have been studied in 
their relationship to cellulose by Otto'’'-, Broughton Aleock^"«, 
and Ramsbottom Moist species of tlio genus are probably 
capable of decomposing cellulose. 


tSubdiviaion : AUenuiricae. 

The genus AUernaTm contains several species which have 
been recorded as present on decaying dead plant material 
Unnamed species have also been observed on mildewed cotton 
goods by Levine and Veitch'-'^ and by Bright, Morris, and 
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bummers The undermentioned species have been definitely- 
associated with the destruction of cellulose. 

AXteTncLTid chaTtavum, Preuss. 

Was found by Se'e^^ on mildewed paper, on which it 
produces dark grey to black spots through the spread of its 
dark-coloured mycelium (see Table II, p. 291). 

The mycelium is widely spreading and brown in colour, turning 
black with age. It consists of creeping or erect, branched, septate 
hyphae. The conidia are spherical to elliptical and taper to 
a short neck at one end, by which they are connected to succeed- 
ing conidia to form a chain. TJiiey are septate, muriform, and 
brown to greenish-black. 

A-lteTnaTici huviicola, Oudemans. 

This species forms a yellowish to brownish pigment and 
was observed by Se'e on mildewed paper as deep brown to 
almost black spots, sometimes surrounded by a slight yellowish 
or brownish zone (see Table II, p. 291). Oudemans and 
Koning'’'^ isolated the species from decayed leaves. 

The ripe mycelium forms a circular greenish-black layer. The 
blanches of the articulate conidiophores are successively shorter 
towards the top. They are hyaline and measure 8 to 5 yu, in 
dicuneter. The conidia are irregularly shapedj being cylindrical, 
inveited club-shaped or bottle-shaped. W^hen young they are 
hyaline, but later become brown to greenish-black. They possess 
three to seven muriform septa. The walls are but slightly, if 
at all, constiucted at the points of septation. When ripe their 

surface is punctate and rough. They measure anything up to 16 
bySOya. ^ s 1 

Alternaria polymorpha, Planchon. 

This species forms deep brown spots on mildewed paper 
(Sde'^^) (see Table II, p. 291). The fungus does not, however, 
produce a soluble pigment. 

The mycelium is olive-green, septate, and frequently contains 
oil globules. The fertile branches are almost straight, septate, 
with fragile, sometimes branched, chains of four to five spores. 
The deep brown ripe spores are irregularly pyriform and divided 
by transverse and longitudinal septa into six to twelve cells. The 
spore walls are thick, with constrictions and a lighter coloured tip. 
The average measurements of the spores are 20 by 10 /x. On 


154 MICEO-OEGANISMS ASSOCIATED WITH DECOMPOSITION 

germination each spore gives rise to one to four tubes. The 
connecting link between the individual spores is whitish, later 
brown. It measures 6 to 12 /x by 8 to 6 /x. 

A pinkish yeast-like growth may be formed. These cells are 
surrounded by a thin mucilaginous layer and contain refractive 
globules. When older the cells are often divided by a trans- 
verse septum. They measure 2 to 12 /x. 

Pycnidia are formed. They develop rapidly, in three to four 
days, and vary in _ size_ up to 250 by 850 /x. Styloapores are 
liberated from an orifice in the pycnidium aggregated in a mucila- 
ginous substance, and form on unrolling a 'ril)bon-Iike mass of 
spores mea,suring 4 by 3 /x. These grow into yeast- forms recalling 
the ‘ conidia ’ of Dematium. When fully developed they measure 
10 by 8/x. They contain refractive bodies, and are white, later 
becoming brown (S(5e 

AlteTnaria variant, Planchon. 

This species forms brown to almost Idack ai)ots on mildewed 
paper (Sde'*'^), and, like the preceding species, does not accrete 
a soluble pigment (ace Table II, p. 201). 

The growth on carrot is grey to groyish-l)rown, consisting of 
brown, septate, branched mycelium, and branched or unbranched 
conidiophores. ^ Tlio hyphae measure from 2 to 5 /x in diameter 
and frequently interlace and anastomose. The spores are Idackish- 
brown, usually pyriform. They are usually muriformly septate, 
thickened, and constricted when ripe. They often terminate in 
a white tip, and measure 15 to 18 /x by 28 to 82 /x or more. 

Other smaller brownish-black and thicker walled, often opaque, 
siDores are also formed. They are divided by transver.so .sopta into 
three to four cells, and are constricted. They contain oil drops. 
The fragile chain.s are long and the spores are separated by small 
hyaline links. On germination the spores give rise to two to three 
tubes, the hyphae thus forjiied showing a tendency to anastomo,se 
(S6e % 


Family: SlilbaceciG. Sub-family: 'Phieosiilhaeeae. 

Subdivi,sion : A-ineroHporae. 

StysaQius stemonites, Persooii. 

Syn. : JPerioonia stemonites, Persoon. 

Gephalotnclmm stemonites, Hees. 

Isaria stemonites, Sprengel. 

Was found by Oudemans and Koning’" in humus and by 
S^e on mildewed paper, on which it produced deep brown, 
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almost black, spots (see Table II, p. 291). Osborn®® reports 
the presence of an unnamed species of Styscmus on mildewed 
cloth. 

The coremia occur in clusters. They form thin, unbranched, 
dark brown stems composed of parallel, septate, green-brown hyphae 
which terminate in cylindrical heads. The ovoid to lempn-shaped, 
transparent, blue green conidia are formed in chains and measure 
4 to 5 /A by 6 to 8 yu,. 

This is the only species of the genus Stysanus which is 
reported to be capable of decomposing cellulose. Many others 
occurring on decaying plant material are undoubtedly also 
able to do so. 

Family ; Ikihereulariaceas. Sub-family : TiLbermlaTiaceae 

mucedineae. 

Subdivision : Phragmospome. 

Fusarium spp. 

Species of Fusarium have frequently been reported as 
capable of destroying cellulose, for instance, in soil by 
Heukelekian They have also been found on fabrics by 
Osborn ®®, Armstead and Harland and Bright, Morris, and 
Summers Sde studied two species from mildewed paper, 
of which one caused white patches and the other red, brown, 
or deep brown spots. 

A number of parasitic species of Fusarium have been 
studied by Appel and Wollenweber and of such forms 
Heller found several, among them Fusarium loli% Fusarium 
ruhiginosum^, and Fusarium subulatum, to be capable of 
decomposing cellulose. A very large number of the species 
of this genus participate in the decay of dead plant tissues 
and will undoubtedly eventually be found capable of decom- 
posing hemicelluloses and cellulose. 

Sub-family : Tuberculariaceae dematieae. 

Subdivision: Amerosporae. 

Epicoccum purpurascens, Ehrenberg. 

Syn. : Epicoccum vulgare, Gorda, 
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This species was described by van Iterson, as a power- 
ful cellulose decomposer. 

The fructifications are brownish-black, spherical, and measure 
120^ to 150 /X in diameter. They are aggregated to form longi- 
tudinal layers 2 to 3 mms. in length, and are superimposed on 
a purplish-coloured base. The conidia are almost spherical, at 
first yellowish and later brown, reticulate and papillate, tapering 
at the base to a short hyaline stem. They measure 12 to 22 /a in 
diameter. 

Many sjDccies of this genus occur on decaying vegetable 
tissues. 
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PART THREE 


MICROBIOLOGICAL DECOMPOSITION' PROCESSES 
OF GUMS, PECTIN, HEMICELLULOSES, AND 
CELLULOSE 



CHAPTER VII 


GUMS AND PECTIN 

The inadequacy of existing knowledge of the micro- 
organisms which decompose gums has already been referred 
to. Even less complete is the exploration of the successive 
chemical stages of decomposition of these substances through 
the action of microbiological enzymes. From analogy with 
other similar biological processes, as well as from the changes 
brought about by the chemical hydrolysis of gums, it is 
piobable that, on being decomposed by micro-organisms, gums 
first become hydrolysed into their component carbohydrates, 
thereby losing their adhesive properties. Subsequently acids 
are probably formed, though their nature -has hardly been 
explored. Whether alcohol or ketones are also produced has 
not been ascertained. In view of the comparative insignificance 
of the gums from an industrial point of view it is not likely 
that this lack of definite information will be speedily remedied, 
unless it is shown, as has already been suggested by Omeli- 
anski \ that some gums constitute favourable sources of carbo- 
hydrates for the development of micro-organisms capable of 
decomposing cellulose. 

Microbiological decomposf^on of pectin. The plea of indus- 
trial unimportance can hardly be advanced as an excuse for 
the almost equally fragmentary knowledge of the biochemical 
changes involved in the microbiological decomposition of pectin. 
Even the most recent papers on the important subject of the 
retting of flax and hemp, in which a decomposition of pectin 
is involved, pay comparatively little attention to the ques- 
tion of the decomposition products of th^ectin. The most 
exhaustive informa^;)n in this respect is^i^lied by Stormer 
who identifled acetic and butyric acids, besides traces of 
lactic and valeric acidh^as decomposition products of his 

^ M 


162 MIOKOBIOLOGICAL DECOMPOSITION PROCESSES 


anaerobic retting organism Plectridiwu pocMiiOvor'iiin, and 
found that the gas evolved during the breakdown of pectin 
by this organism consisted of hydrogen and carbon dioxide. 
Further light may be thrown on the biochemical changes 
caused by anaerobic pectin-decomposing bacteria if it bo 
assumed that the group of micro-organisms already referred 
to as Bac. ainylobaoter can be regarded as the most character- 
istic anaerobic pectin decomposers, and that the breakdown 
of pectin by this group proceeds on the same lines as tlie 
decomposition of starch and other carbohydrates. 

In his extensive study of the Bac. amylobacter group, 
Bredemann ^ endeavoured to establish the nature of the 
decomposition products formed by this organism in the fermen- 
tation of starch. A fuller account of these changes, however, 
is given by Reilly and his collaborators ^ in their investigation 
of the products of the acetone : '3^-butyl alcohol fermentation 
of carbohydrate material. Before describing this investigation, 
it should perhaps again be emphasized that tlio group of Bac. 
amylobacter, as established by Bredemann comprises a variety 
of species differing in several respects, as for example in their 
capacity for converting the volatile acids produced by them in 
the decomposition of carbohydrates into alcohols and ketones. 
Some species possess this property to a very marked degree, 
whereas others lack it almost entirely. ’'.Ldiis may readily be 
shown by repeating Mitseherlich’s ® experiments on the isola- 
tion of pectin-decomposing ‘ ferments ’ from potatoes. 

The type of Bac. amylobacter with which Reilly and his col- 
laborators worked belonged to the group yielding little organic 
acid and large amounts of alcohol and acetone. Tlie yields of 
a typical fermentation of starch by this organism are given 
as follows : 


100 grms. of 
starch yielded : 


10-77 grs, of acetone. 

26-07 grs. of w-butyl alcohol. 
62-61 grs. of carbon dioxide. 
1*60 grs. of hydrogen. 

1-80 grs. of residual acids. 


The residual acids consisted of acetic and butyric acid in 
the proportions of 1*0 to 0-25. The low proportion of butyric 
to acetic acid must no doubt be regarded as a result of 
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the differences in the extent to which the two acids were 
being gradually reduced to '?^-butyl alcohol and acetone, 
a larger amount of butyric acid being converted into -Ti-butyl 
alcohol than acetic^ acid into acetone. When the proportion 
of acids was determined at an earlier stage in the fermentation, 
it was found that approximately 1 part of acetic acid was 
formed to 1-25 parts of butyric acid, a proportion which 
probably corresponds more closely to those met with in retting 
liquors. * 

In addition to acetic and butyric acids, KeiJly and his 
collaborators obtained evidence of the presence of yet another 

acid, not readily volatile ; this, however, they were unable to 
identify. 

Thus, in the anaerobic fermentation of pectin the following 
substances ^ are likely to be met with : carbon dioxide and 
hydrogen in the approximate proportions of two volumes of 
carbon dioxide to one volume of hydrogen, acetic and butyric 
acids, alcohols, such as ethyl and %-butyl alcohol, acetone, and 
possibly esters. The presence of several of these substances 
has been reported in the retting liquors of the various anaerobic 
retting processes. 

The chemical changes which take place when pectins are 
broken down by aerobic micro-organisms are unknown, in 
spite of the fact that a promising aerobic retting process for 
the preparation of hemp and flax fibres is being worked 
industrially (Rossi'’). 

Apart from the importance of the question of the natural 
destruction of pectin in the rotting of fruits, a subject which 
is dealt with in text-books on plant pathology, the micro- 
biological decomposition of this substance is of considerable 
importance in two directions, in the retting of plant tissues 
for the isolation of fibres, and in the preparation of starch 
frqm potatoes and wheat. 

Retting of fibre plants. The art of retting plant tissues 
for the isolation of fibres has been carried out in many 
countries from time immemorial, and highly developed methods 
for the retting of flax existed in countries such as Egypt from 
the earliest dynastic times. Here conditions were undoubtedly 

m2 


164 MIOROBIOLOGHCAL DECOMPOSITION PROCESSES 

particularly favourable, the river Nile with its slow-moving 
and comparatively warm and soft waters forming an ideal 
basis for the elaboration of a natural retting process. A 
different method was probably adopted by the inhabitants oC 
the Swiss lake dwellings, who, it appears from the remains 
found, were well acquainted with the art of retting. Here 
the process was probably carried out in stagnant water. Both 
of these methods, the retting in stagnant and in alow-flowing 
water, were the only two anaerobic retting processes in use 
up to the middle of the nineteenth century. They are still 
extensively used, the former in Ireland and Italy, the latter in 
Holland, Belgium, and Germany. 

In both cases the principles of the retting are the same and 
may be divided into three stages, a physical, a biological, and 
a mechanical stage. On submerging the dried plant tissues 
such as flax straw in water, the latter causes the straw 
to swell. At the same time the air is expelled from the 
tissues and a number of substances, carbohydrates, glucosides, 
tannin, nitrogen compounds and colouring matter, are brought 
into solution. This represent the physical stage of the 
/retting. The biological stage may be divided into two, the 
preliminary and the principal. In the former, a great variety 
of micro-organisms develops at the expense of the extracted 
substances, thereby creating anaerol)ic conditions in the water 
and paving the way for the anaerobic pectin-decomposing 
bacteria, which are normally found in all arable soils and 
thence become transferred to the flax straw by wind and 
splashing rain. In the principal biological phase the anaerobic 
pectin decomposers dissolve the middle lamellae of the paren- 
chymatous tissues, separating tlie fibre bundles from the wood 
and the cortex. Big. 8 illustrates the morphology of a typical 
flax stem : it is taken from a recent paper by Eyre and 
Nodder’’’. 

Where the fibres are contained in leaves the morphology is 
naturally different. The principle that the fibres are embedded 
in parenchymatous tissues is, however, the same. By the 
resolution of the middle lamellae of the phloem and the cortex 
during the principal biological phase the fibre bundles become 
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separated! and may be collected more or less free from other 
tissues during the subsequent mechanical phase. In this, the 
retted fibre tissues are allowed to dry and are then passed 
through specially designed machinery which eliminates wood 
and cortical residues. 

From this broad outline it is now necessary to proceed to 
a more detailed account of the first three stages of the retting 
process in order to obtain an insight into the microbiology of 
retting. 



Fig. 8. Diagrammatic cross-section of a flax stem. 
(Prom Eyre and Nodder, in the Journal of the Textile Institute.) 


Though micro-organisms play a comparatively insignificant 
role in the physical phase, this stage is nevertheless of immense 
importance from the biological point of view, since the micro- 
flora subsequently developing in the retting water will very 
largely depend not only on the nature of the substances 
exteacted, but equally on the concentration in which they are 
present in the retting water. The entry of water into the 
-submerged tissues will not only replace any enclosed air, as 
has already been mentioned, but will also cause the tissues 
to swell and the cortex to burst. Orifices are thereby formed 
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through which the retting organisms can enter (Muller and 
Tobler^). The swelling of the tissues will also materially 
favour the removal into the surrounding liquid of decomposition 
products formed during retting, and will thereby assist in 
maintaining an homogeneous ret. The extraction of the tissues 
during the physical stage removes about 12 per cent, of the 
contents of flax straw (Ruschmami «). These substances give 
the water a yellow or brown colour, depending largely on the 
colour of the straw used. At 20° C. the physical phase may 
be completed in from six to twelve hours. 

^ Very early during the preliminary biological stage, some- 
times within twenty-four hours of the immersion of the tissues, 
the surrounding liquid becomes cloudy througli the development 
of micro-organisms. Though a detailed study of this flora has 
not been made, the following types have been reported present 
on flax fibres or in the retting liquor in which flax was being 
retted under anaerobic conditions : Bao. meseoiterious ; Bac. 
siihhlis ; Bac. 'niycoides ; Oidium lactis ; Cladosyorium her- 
harum ; Torula species ; lactic acid-producing bacteria ; deni- 
trifying bacteria ; and Bact. coll. Tins last typo was considered 
identical with Baot. coli commune, Escherich, an inhabitant 
of the intestine. More probably, however, it belongs to that 
large group of bacteria resembling Btict. colli c.ommuoie which 
is continually met with in soil, in water, and on leaves, and 
which diflers from tlie typical Bact coli eommune in its inability 
to produce indol. Hauman’s statement that he isolated two 
difierent types of Bact. coli supports this point of view. 

Though several investigators, among them Hauman 
Behrens^’-, and Beijerinck and van Delden^^, have i*eported 
that some at least of the micro-organisms mentioned above 
are capable of decomposing pectin, there can bo no doubt that 
the main function of this flora during the anaerobic retting 
must be a different one, since only a small proportion of the ' 
avtnlable pectin is decomposed during the preliminary bio- 
logical phase of the ret (Eyre and Nodder). As they are 
either carbohydrate-decomposing or denitrifying forma, and as 
they all develop either aerobically or at least facultatively 
anaerobically, it is reasonable to assume that they play a 
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leading part in the decomposition of the substances extracted 
from the fibre tissues, and in so doing establish anaerobic 
conditions in the liquid, thereby preparing the way for the 
anaerobic Bac. amylobacter. The importance of this latter 
function has repeatedly been emphasized and perhaps evenover- 
lated, since it is known from Tarozzi’s^^ investigations that 
anaerobic bacteria can develop in the presence of oxygen, when 
certain solid substances, such as living tissues, are available in the 
medium. Tobler has confirmed Tarozzi’s observation in his 
study of the anaerobic retting organism Bac. felsineus, for the 
cultivation of which Carbone recommends the addition of a 
culture of asaccharomycete,^accAarow2/ces ellipsoideus, in order 
to establish anaerobic conditions. Tobler found that Bac. feU 
sineus grows well in potato mashes in the presence of oxygen 
and in the absence of the saccharomycete, presumably because 
of the^ presence in the mash of solid particles of potato tissue. 
The assumption that the establishment of anaerobic conditions 
in the retting liquor is of minor importance for the develop- 
ment of Bac. amylobacter is supported by yet another observa- 
tion. Where the liquor containing the extracted substances 
is replaced by fresh water, the development of Bac. amylobacter 
proceeds normally, while the activity of the secondary micro- 
fiora becomes greatly restricted. Only when the retting 
liquor is very violently aerated does the development of 
Bac. amylobacter appear to be retarded or suppressed 
(Ruschmann^®). 

When the anaerobic retting is carried out in stagnant or in 
very slowly-flowing water, the secondary microflora gradually 
forms a thick white or greyish layer on the surface of the 
liquid. This lajmr consists of the mycelium of fungi, such as 
Oidium lactis, and of the cells of Bac. mesentericus and the 
allied spore-forming soil organisms. 

The breakdown of the carbohydrates and of the nitrogen 
compounds extracted from the fibre tissues results in the 
formation of acids and gas. The acid produced consists 
partly of lactic acid (Beijerinck and van Delden^^) and 
possibly also of butyric acid. The presence of lactic acid is 
important since this acid has been shown to interfere seriously 
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with the development of Boo. amylohaoler (Thaysen The 
production of lactic acid as well aa of otlier inliibitoiy 
substances during the preliminary biological phase makes it 
essential to use a comparatively large proportion of water in 
order to prevent a serious accumulation of these products. 
The proportion of water to tissues depends to a large extent 
on the material being retted. In the ease of flax straw it 
may be twenty to one (Krais 

As already pointed out, the gas produced from the carbo- 
hydrates consists normally of a mixture of carbon dioxide 
and hydrogen. Where nitrates and other reducible nitro- 
compounds are available, these may possibly bo reduced to 
free nitrogen (Behrens^®). The production of free nitrogen 
during the retting of llax was ob, served l)y Hodges''^" in 1854. 
The evolution of gas during this part of tlie retting process 
causes, the liquor to froth considerably. As tins frothing 
subsides, towards the end of the preliminary biological 
stage, the whitish film already mentioned develops and soon 
covers the surface of the retting liciuor. Tlie duration of 
the preliminary biological stage will depend on a number 
of factors, such as the temperature at wliicli the rot is 
being conducted, and on the concentration of the sub, stances 
extracted. At a temperature of 20° C. it may continue for 
100 hours, or possibly more. 

Though the development of the pectin-decomposing Bac. 
amylobacter ha.s undoubtedly started during tlio preliminary 
biological phase, it is during the subsequent stage that its 
activity becomes most marked. A micro.seopic examination 
of the tissues undergoing rotting reveals, during the principal 
biological stage, a lai’ge number of the cliaracteristic OIob- 
tridium or Plectridium forms, accumulated between tlie cells 
of the phloem and the cortex, often omliedded in a slimy 
substance. The decomposition of the pectin of the middle 
lamellae and possibly of the cell walls of the cambium and 
the phloem gives rise to the evolution of carbon dioxide and 
hydrogen. The presence of both of these gases during the 
principal biological stage has been definitely established by 
Eyre and Nodder^ Iluschmann and others. To a large 
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extent these gases are prevented from escaping by the layer 
covering the surface of the retting liquor, and they may 
therefore accumulate in such quantities that the hydrogen 
can be burned with its characteristic bluish flame — a some- 
what dangerous experiment— when allowed to escape through 
the film (Euschmann The decomposition of the pectin by 
Bac. amylohacter also gives rise to the production of acids. 
The nature of these acids is indicated by the decomposition 
products formed by Bac. amylohacter from other carbo- 
hydrates, and they undoubtedly comprise acetic and butyric 
acids (Jackson 22 and Kayser and Delaval ^s). That substances 
such as acetone, ethyl alcohol, or butyl alcohol are also 
formed is probable from the investigations of Kayser and 
Delaval. ^ Should it be shown by a careful analysis of the 
retting liquors that acetone and alcohol are absent, it must 
not therefore be concluded that they are not produced by 
Bac. amylohacter > since there are indications * that acetone, at 
least, can be converted into other compounds by members of 
the Bac. mesentericus type. The amount of acid produced by 
the decomposition of the pectin will naturally depend on the 
concentration of this substance. It is generally considerably 
less than that formed from other carbohydrates during the 
preliminary biological phase. 

With the more or less complete decomposition of the pectin 
by Bac. amylohacter, which at 20° 0. may take about 100 
hours, the production of acid ceases and the fibre bundles 
giadually become separated from the surrounding tissues. 
The retting now enters that part of the principal biological 
stage which Eyre and Nodder term the fourth stage, and 
which in many respects is the most important of all. It is 
during this phase that the fibre bundles become entirely 
separated and the retting thereby completed. The determina- 
tion of the completion of the retting process is of the greatest 
importance from an industrial point of view. Where the 
fibre bundles are allowed to remain in the retting liquor for 
even a comparatively short time after the technical endpoint 
of the ret, the individual fibres of the bundles will begin to 
* Unpublished observations by the authors. 


170 MIOEOBIOLOGUOAL DECOMPOSITION PEOCESSES 


separate owing to the decomposition of the subataneea which 
bind them together. These substances are stated by Stormer 
to consist of partly lignified pectin. They are less readily 
decomposed by micro-organisms than ordinary pectin. A pro- 
longed exposure to the enjsymes of retting liquors, however, 
will cause the lignified pectin to become dissolved and tine 
retted bundles to be separated into their component fibres. 
This is i^ermed ‘ over-retting 

In view of the danger of over-retting it is of the greatest 
importance to be able to determine with some degree of 
certainty when the retting is sufficiently far advanced for 
the fil'jre bundles to be removed from tlie retting liquors. 
Practical experience has evolved several tests for this purpose, 
among them the ‘ loose core ’ test, which requires the woody 
core of the retted tissue to be completely separable from tlio 
fibres on gentle pulling (Davies ^''^). What appears to be a far 
more reliable test has recently been proposed by Eyre ami 
Nodderb On the perfectly justifiable assumption that the 
production of acid during the retting process indicates an 
increase in the microbiological activity, and during the 
principal biological stage, therefore, a progressive liberation 
of the fibre bundles, Eyre and Nodder determine the rate 
of production of acid throughout tlie rot, and find tliat the 
rate of production of what they term permtmeiit aoidUy (i.e. 
the acidity not duo to carbon dioxide) varies characteristically 
with the stages of the rotting. This is illustrated in the 
curve given in Eig. 9. 

The anaerobic rotting process, it will be seen, is divided by 
Eyre and Nodder into four stages, of whicli the first three 
coincide with the physical, and the preliminary and principal 
biological stages. Tlie time during which the retted material 
may be safely loft in contact with the retting liquor during 
the fourth stage may, it is claimed, bo fixed with considerable 
certainty. It varies from a quarter to a third of tlie time 
which the retting process takes to pass through the two 
preceding stages. 

The determination of the acidity during the retting may be 
done either by titration or by conductivity methods, and is in 
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both cases sufficiently characteristic for the circumscription of 
the four stages of the retting. 

It is obvious that a method such as this must be of great 
importance for the study of such retting problems as still 
remain more or less obscure. Among these may be mentioned 
the question of the bearing of the ripeness of the fibre 
tissues on the retting process, the influence of chemicals on 



Pig. 9. T]ig permanent acidity curve of a normal ret in stagnant water, 
(From Eyre and Nodder, in the Journal of the Textile Institute.) 

the retting, and so on. The further investigations of these 
problems, foreshadowed by Eyre and Nodder, should be 
awaited with great interest. 

It is during the principal biological stage, and particularly 
during the latter part of this stage, that the odours emanating 
from the anaerobic retting process are often^ so markedly 
offensive. The reason for their development is not fully 
understood, though it is assumed that they are due to 
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secondaiy microbiological decomposition processes involving a 
resolution of cellulosic materials. The odours are particularly 
noticeable in places where the retting is conducted in stagnant 
Water, and where the debris of previous rettings has not been 
removed. In such cases Ruschmann^^ observed that methaine 
was formed, a gas which is usually associated with the activity 
of anaerobic cellulose-decomposing bacteria. 

After completion of the retting the tissues are removed 
from the retting liquor and dried either in the open or 
artificially, and either before ' or after a preliminary washing. 
The drying in the open is in some respects preferable to 
artificial drying, since the organic acids still adhering to the 
fibre bundles thereby become oxidized, probably through the 
action of aerobic micro-organisms (Ruschmann The sub- 
sequent steps in the mechanical stage consist in broad outline 
of the breaking and removal of the woody parts of the tissues 
and the combing and freeing of the fibre bundles from the 
adhering parts of the cortex. 

It has already been mentioned that the anaerobic process 
may be carried out either in stagnant or in slowly-flowing 
water. The latter method is generally followed in Belgium 
for the retting of flax and is often carried out in two stages, 
particularly at Courtrai, on the river Lys. Hero the rotting 
is stopped during the principal biological phase, before the 
fibre bundles have been completely loosened. The flax straw 
is then removed from the river and stocked. After a time it 
is again placed in the river and allowed to stay there for 
about the same time as during the first part of tlio ret. The 
stocking is claimed to have a beneficial effect, probably of 
a biological nature. During the second stage of the retting 
the resolution of the remaining pectin proceeds very slowly 
and the danger of over-retting is in consequence greatly 
diminished. On the other hand the time taken to complete 
this type of retting process is seriously increased. 

The question of time was of comparatively little importance 
in the days when the isolation of fibres was primarily a 
cottage industry, involving- the treatrnent of small quantities 
of raw material only. With the development of industrial 
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plant designed to work throughout the year with large 
quantities of raw material and at a minimum cost, the 
speeding up of the anaerobic retting became a question of 
great importance. Nearly all of the many processes evolved 
during the last eighty years have, therefore, endeavoured to 
do this, and to do it by increasing the temperature at which 
retting is carried out. The original suggestion for speeding 
up the process by increasing the temperature dates from 1864 
when Schenck recommended this method to the Irish retting 
concerns (see Hodges The rate at which the fibre bundles 
are liberated in the warm water rets is very appreciably 
increased, and under favourable conditions and at a tempera- 
ture of about 37° 0. the endpoint of the ret may be reached in 
from forty to fifty hours. The danger of over-retting is thereby 
seriously increased. For this reason many prefer to use a 
tomperaturc of 28 to 29° C., even though the endpoint 
may not then be reached for 120 hours. From a micro- 
biological point of view the principles of the warm water ret 
are identical with those of cold water retting. The mechanical 
and biological improvements which from time to time have 
been introduced into warm water retting are therefore equally 
applicable to cold water. 

In . their investigation of the anaerobic retting process 
Boijerinek and van Delden^^ established the two following 
important facts, that the changing of the water at the 
completion of the physical phase, and the supply of a limited 
amount of oxygon during the biological stages greatly favour 
tlie process. By the replacement of the liquor the substances 
extracted from the tissues are to a large extent removed and 
the food supplies of the secondary retting flora thereby 
curtailed. This again means a reduction in the amount of 
acids pi’oduced during the early part of tlie retting and the 
possibility of an increase in the ratio of tissue to water. 
Incidentally, colouring matter is also eliminated and the 
danger of a discoloration of the fibre bundles thereby 
diminished. By adopting Beijerinck and van Delden’s recom- 
mendations, Herzog succeeded in obtaining an excellent 
and practically odourless fibre containing as much as 89*6 
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per cent, of .cellulose, as against 86-1 per cent, of cellulose 
in fibres prepared by tlie ordinary warm water process. 
Herzog replaced the water in his tank continuously, at a 
rate equal to four complete changes. Aeration was carried 
out to a moderate extent, warm air being blown through the 
liquor for five to ten minutes three times daily. 

A further improvement in the anaerobic warm water ret 
has been claimed as a result of the addition of a pure culture 
of the specific retting organisms. For this purpose Stormer ^ 
used a strain of Bac, dviylohacter, Plectridium peGti'novoruoii, 
while Carbone utilizes a special and little-known type, 
Bac. felsineus. Though many investigators have been unable 
to confirm Stormer’s observations, it is generally conceded 
that the addition of a culture of Bac. felsineus is essential 
in the retting process devised by Carbone, which is at least 
equal to the best conducted warm water rets to which no 
addition ol cultures of the anaerobic retting organisms is made. 

Bac. felsineus, wliich was obtained by Carbone i'’ from the 
mud of an Italian hemp retting pit, is a slender spore-forming 
rod measuring 0-3 to ()-5ya by 3 to 5^. Tim spore measures 
l*5/i by 2-0/i and is formed towards one end of the rod with- 
out causmg a swelling of the cell. The natural habitat of 
Bac, felsineus appears to be hemp and the mud of hemp retting 
pits. Carbone has so far been unable to obtain it from any 
other source. In potato mash it develops well at 37 to 38° C., 
producing a considerable amount of frothing during the first 
twenty-four hours (Tobler ^»). At tlie same time the mash 
becomes bright orange in colour. I'lio largo particles of the 
mash show a tendency to rise to the surface of the liquid as 
they become permeated by the entrapped gas, and strands of 
mucilage may be observed extending from the surface of the 
mash towards the bottom of the container. Tlie fermenting 
mash has a pleasant smell of bananas. As the culture becomes 
older its colour changes from a light to a darker brown. 
Calcium carbonate, if present in the mash, is gradually dis- 
solved by the acids produced by the organism. In its stead 
the^ bottom of the container becomes covered with a snow- 
white layer of starch granules stated to have been set free 
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from the cells of the potato tissues. Bac. fehvneus has not 
yet been obtained in strictly pure culture, since it does not 
develop on the laboratory media used for this purpose. It is 
not possible at the moment, therefore, to speak with certainty 
of its relationship to the Bac. amylobacter group (Ruschmann^"). 

As Carbone regarded his organism as an obligatory anaerobe, 
he originally recommended the addition of a saccharomycete, 
Bacchawmyces ellipsoideus, to cultures of Bac. felsineus. 
Tobler has shown, however, that this addition is unnecessary 
and that perfectly good growth can be obtained without it. 

With a potato culture of Bac. felsineus as a starter and 
supplied in the proportion of 1 litre of starter to 10 kg. of dry 
tissues, a warm water ret of either hemp or flax can be completed 
in the Carbone process in from forty-eight to seventy-live liours, 
when conducted at 37 to 38® C. The odours of the liquor are not 
objectionable and the fibre bundles, when liberated, are much 
freer from adhering pieces of cortex than is the case in the 
usual warm water ret. , The colour of the fibres is bright, and 
lighter than usual, and the yield is good. The licpior of the 
first ret may be used again to start a second, and this again 
for a third. After that, however, it is necessary to employ 
a fresh potato mash starter. 

Interesting investigations on retting processes have also 
been carried out by Krais This authority undertook to 
determine the value of two German patents, by Hosemann 
and Fiegol and by Soltau wlio recommend the digestion 
at 37® C. of fibre tissue with pancreatic extracts in tlie presence 
of ()<6 per cent, of sodium bicarbonate. Krais found tliat the 
methods yielded satisfactory fibres, but that equally satis- 
factory results could bo obtained in the absence of the pan- 
creatic extract, provided sodium bicarbonate was present in 
the retting liquor in a concentration of about ()’4 j per cent. 
The method finally adopted by Krais and Biltz, and embodied 
in a German patent (see Krais '^^), is essentially a warm water 
ret in which the material is placed in a sufficient quantity of 
a liquid containing from 0*5 to 1-0 per cent, of sodium bicar- 
bonate. Calcium bicarbonate may replace the more expensive 
sodium bicarbonate. A mixture of 0*05 per cent, of sodium 
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bicarbonate and 1 per cent, of calcium carbonate is also 
suitable. The endpoint of the ret is reached in two or three 
days, and the liquor is stated to remain neutral or slightly 
alkaline throughout the ret. 

Another process carried out by anaerobic micro-organisms, 
which however must be classed among the cold water rets, 
is the Ochmann process, which has been favourably i-eported 
upon in Germany (Kuschmann The material to be retted 
is placed in concrete tanks and covered with water in the 
usual proportions. On alternate days this water is slowly 
run out through the bottom of the tank and is simultaneously 
replaced at the same rate by fresh water. The fresh water 
is run into the tank as a spray and thus becomes saturated 
with oxygen. By the repeated removal of the retting liquor, 
the harmful substances extracted from the fibre tissues and 
the decomposition products formed by the breakdown of sugar 
and pectin are constantly removed without disturbing the 
material undei'going retting. From the tank the spent liquor 
runs into a settling tank, in which heavier particles, such as 
soil and plant tissues, are deposited. By overflow the liquor 
leaves this tank and enters a second from below. This tank 
is filled with stones or similar material to assist the aeration 
of the liquor. The biological oxidation processes which the 
liquor thereby undergoes make it sufficiently pure to bo used 
again. Any excess is disposed of to local farmers, who favour 
its use for watering grass land, probably on account of its 
content of phosphates and nitrates. Alternatively, it may be 
run off into streams, since it has been shown to bo entirely 
harmless to fish. Trout have even been found collecting 
round the places where this liquor is emptied into the streams. 
As regards ease of disposal of the spent retting liqxiora, 
Ochmann’s method would appear to bo superior to all others, 
since the elimination of the liquors is often a serious problem 
on account of their acid content and their objectionable odours. 
A further advantage is the entire elimination of over-retting : 
the yield of long staple is in consequence very high, amounting 
to 80 per cent, of that theoretically possible. The total loss 
of fibre is stated to be only 6*5 per cent. (Buschmann 
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Before leaving the subject of anaerobic retting it is necessary 
to mention the investigations carried out by Kayser and 
Dolaval^^’ to which reference has already been made in this 
and the third chapter. In the course of their investiga- 
tions these authors isolated six different types of bacteria, 
which ai’o stated to be capable of decomposing pectin and in 
consequence are able to ret hemp and flax. A short 
description of these organisms, of which five were favoured 
by the presence of oxygen and one was not, was given in 
Chapter III in discussing the pectin-decomposing bacteria. 
On testing tlio fermenting properties of these organisms it 
was found that all decomposed both rnonoses and disaccharides, 
the former better than the latter. Pectin was found to be 
more or less readily decomposed, the types No. 3 and No. 6 
fermenting 56*7 per cent, and 48 per cent, respectively of the 
pentoses present in the pectin. From a study of the liquors 
collected from rets carried out witli tlio six strains, Kayser 
and Delaval arrived at the conclusion that the chemical 
cliangos taldng place during retting vary not only with the 
type of micro-organism used, but also with the material 
retted, the temperature, the nature of the water, and the 
method of rotting. 

It is readily understood that the material retted, the 
method of retting, and the nature of the water can influence 
the miture of tlio decomposition products, th.e last named 
tlvrough neutralisiation of the acids formed. It is more difficult 
to see how a cliango in the temperature can do so, unless it is 
assumed that certain species of micro-organisms are suppressed 
by a rise or fall in temperature and others, which produce 
diflerent enzymes, are favoured under such conditions. 

Of decomposition products of an acidic nature the following 
were identified by Kayser and Delaval in the various retting 
licjuors: formic acid, acetic acid, butyric acid, succinic acid, 
and lactic acid. In addition, ethyl alcohol, acetone, sugars, 
hydrogen, carbon dioxide, and soluble nitrogen compounds 
wore obtained. As in other anaerobic retting processes Kayser 
and Delaval found it beneficial to renew the liquors in their 
experimental rettings after the completion of the physical 

N 
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phase, and they remark that in dealing with some fibre plants, 
as for instance ramie, it is absolutely essential to do this. 

In order to study the action of each of their six strains 
of bacteria on the fibre tissues it is clear that Kayser and 
Delaval had to work with tissues previously sterilized. The 
sterilization of fibre plants without doing damage to the 
pectin or other constituents of the tissues has always been 
regarded as a difficult matter, which frequently ledi to mis- 
leading conclusions when carried out without sufficient pre- 
cautions. Heating of the tissues with steam was resorted 
to by TIauman but this cannot be regarded as satisfactory, 
since drastic heating affects the pectin, while moderate liofiting 
is often insufficient to destroy the spores of some of tlio 
bacteria adhering to the tissues. Sterilization by moans of 
antiseptics, therefore, has been frequently employed. For 
this purpose Kayser and Delaval used carbon bisulphide, 
sodium fluoride, or eau de Jewel, A better method would 
appear to bo that recommended by Krais who places the 
tissues for several days in a closed container in which sufficient 
chloroform is present to saturate the tissues with tlie vapour. 
After sterilization all traces of chloroform are removed from 
the tissues by aeration of the container with sterile air. 

The investigations of Kayser and Delaval have led to the 
taking out of a patent by Kayser for the rotting of textile 
plants by the above-mentioned strain No. 6. 

Aerobic retting processes. Reference has been made in the 
preceding pages to the observation that a restricted ac'.i’ation 
of the retting liquors is beneficial even in amuirobic retting 
processes. Beijerinck and van Dolden went so fa,r as to 
suggest that a limited supply of oxygon favoured the develop- 
ment of Bae. amylohacler or, as tliey termed tluffr strain 
of this typo, QmniilohaGter pectinovorum. Recent experience 
with the so-called .Rossi retting process''^ makes it more 
probable, however, that tlie beneficial action is an indirect 
one, due to tlio development of micro-organisms which break 
down the acid formed by tlie anaerobic forms. In any case, 
Ruschmann has shown that in the retting of flax and liemp 
the production of acid is inversely proportional to the degree 
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of aeration of the liquor and that Bao. amylobacter may be 
almost completely suppressed in vigorously aerated liquors 
and be superseded by aerobic forms. Processes in which the 
suppression of Bug. amylobacter is aimed at may be termed 
aerobic water retting processes. That aerobic bacteria can be 
used for retting purposes was pointed out by ITauman in 
the early days of the study of these processes, and these 
observations have been confirmed by other investigators, 
notably by Behrens and by Beijerinck and van Delden'^^. 
Not until comparatively recently, however, have such bacteria 
been utilized industrially for retting processes, as in the Bossi 
process ■'*. Plere a current of air is forced through the liquor, 
which is maintained at a temperature of 28 to 30° C., after 
previous inoculation with a starter, a culture of Bac. oomcsii, 
of which a ahoi't description was given in Chapter III. 
The rate at which air is forced through the liquor is about 
200 litres per minute in a tank of 50,000 litres capacity 
(Carter^’''’’). At this rate, however, Bac. amylobacter and 
otlier obligatory and facultative anaerobes are not entirely 
suppressed and the rotting liquors are tlierefoi'e slightly acid. 
Tlio partial development of the anaerobic forms is of advantage 
according to Rusclimann since they suppress the formation 
of slimy growths of fungi and aerobic bacteria on the fibre 
tissues, which occur when the li(pior is too vigorously aerated. 
When properly conducted the Rossi process is completed in 
about two days when hemp or flax is retted. The danger of 
over-retting is claimed to bo entirely eliminated, if the rate of 
aeration is somewhat increased towards the end of the retting. 
This, however, does not appear to be sul)stantiated by actual 
facts, and can hardly bo so in view of the wide distrilmtion 
of aerobic cellulose-decomposing bacteria in nature. In the 
writers’ experience, destruction of fibres retted by aerobic 
processes occurs through the action of such bacteiia, when 
the retting process is allowed to continue for three to four 
days after the endpoint of the ret. An advantage of the 
Rossi process is that the liquors may be used as starters for 
fresh rets for a considerable number of times. The replace- 
ment of the liquor after the physical phase is not necessary, 

N 2 
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and may in fact be undesirable (Buschmann since the 
substances extracted from the tissues serve as food material 
for JBao. comesii. As the spent liquors are almost inodorous 
and contain little acid, their disposal offers no serious difficulties. 

Besides Baa. comesii, a number of other aerobic bacteria 
undoubtedly exists which might carry through the aerobic 
water retting processes. Buschmann states that he has isolated 
two such types. 

In a review of the respective merits of the various warm 
water retting processes discussed in this chapter, Buschmann 
records some interesting data. While a sample of flax retted 
by the ordinary warm water ret yielded 17 per cent, of fibre, 
the same flax gave 16*1 per cent, under the Carbone process 
and 16-9 per cent, under the Bossi process. The tensile strength 
of the fibres was found to be greatest in the sample retted by 
Bossi’s process and lowest when prepared by Carl)one’s process. 
The retting was generally completed sooner in the Bossi 
process than in the other two, and last in the ordinary warm 
water process. These figures, though interesting, should not 
be regarded as a final judgement of the merits of the throe 
methods. Thus, Carbone criticizes tlie results obtained by 
Buschmann with the Carbone process, on the grounds tliat an 
inferior flax-straw was used and that too high a tomporjituro 
(70 to 80° C.) was applied in drying. Considerably more 
evidence is undoubtedly required before a final decision can 
be given as to the best method for conducting the warm 
water retting process. 

Aerobic retting may be conducted in an entirely different 
way to that already described, and lias in fact been thus 
carried on for centuries, particularly in Bussia, by a method 
termed dew-refMng. The fibre plants are spread in thin layers 
on tlie ground during summer, early spring, or winter. The 
ground selected is preferably heathland or any other poor 
land containing few micro-organisms. Direct contact of the 
material to be retted with the soil is avoided as far as possible. 
Tobler'*'’ recommends placing the fibre tissues on a surface 
composed of such typical heath and moor vegetation as 
JDesehampsiaflexuosa, Nardus striata, Bromus sterllw, Galluna 
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vulgaris, Epilobium angustifolmm, Hypericum perfamtam, 
Rumex acetosella, and ofcliera, wliicli are particiilarly suitable 
for the purpose since they are rigid enough to form a firm 
and porous substratum for the fibre tissues. When spread, 
dew and rain keep the fibre plants sufficiently damp to enable 
micro-organisms to develop. The microflora appearing on the 
tissues has been investigated from time to time, and though 
most opinions agree that fungi are chiefly responsible for the 
liberation of the fibre bundles, many still differ as to the 
actual species of fungi which must be regarded as the causative 
agent. In his examination of a sample of flax prepared by 
the dew-retting method, Hauman isolated the following 
types of micro-organisms : Gladosporium herbarum, Baot. coli 
commune, Bac. mesentericus, Bac. subtilis, Bac. mycoides, 
Bug. termo, BacL JLuorescens Uquefaciivtis, MiGwcocGus roseus, 
Penicillium glaucum, and Mucov mucedo. Of these Hauman 
regards Gladosporium herbarum as the chief retting organism. 

Behrens'*^" in his investigation of the dew-retting of hemp 
arrived at the conclusion that Gladosporkom herbarum was 
not the causative agent, but was to be regarded as a dangerous 
infection, responsible for the black discoloration of the 
finished fibres. In its stead lie placed two species of 
Mucorineae, Rhizopus nigricans, also called Mucor stolonifer, 
and Mucor hiemalis. The former is stated to bo the retting 
organism of dew-retted fibres prepared during the summer 
and autumn montlis, and the latter tlie retting organism of 
winter dew-retted fibres. Neither of these fungi is capable of 
attacking cellulose, in which respect they differ from Glado- 
sporium herbarum, Botrytis cinerea, and Aspergillus species, 
which may also be met with on dew -retted fibres. Beijerinck 
and van Delden^^ also regard dew- retting as caused by fungi, 
but do not indicate the species. Kuschmann has more recently 
subjected two types of hemp and three types of flax to dew- 
retting with a view to studying the microflora of this process. 
He states that Gladosporium herbarum was undoubtedly the 
chief, if not the sole, retting agent in his experiments. In the 
summer-retted samples he also observed the following forms : 
Mucor plmibeus, Aspergillus species, FemeilUum species, 
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yeasts, OicUum species, Bact. coli types, Gocci, Bug. MegatliGTimn^ 
and Bac. mesentericiis. On the hemp samples Bhizopus nigri- 
C(X7is was also met with. All of these species, however, disappeared 
from the tissues as Gladosporium herbarwm developed, and 
before the parenchymatous tissues showed signs of becoming 
loosened. The mycelium of the Cladospor'mm finally covered 
the whole of the tissues, except in places where bacteria, Beni- 
cillium, Oidium, and yeast species had accumulated. These 
places were often but sparsely overgrown with Gladosporiwm 
and sometimes not at all. The thick layer of GUulosporkiTii 
growth adhered firinly to the surface of the material under- 
going retting, as a dark green or almost black covering. 
The mycelium was also found extensively distributed l)etwcen 
the cells of the cambium, the phloem, and the cortex. In 
the winter-retted samples the development of Glctdospovliwh 
was less uniform and the retting in consequence more irregular. 
Neither Bhizopus mgricans nor Mucor kmyiaUs was found. 
Ruschmann found the dew-retting completed in seven days 
during summer, and in about fourteen days during winter. 
The winter samples, however, wore unevenly retted, oven 
after a fortnight, presumably on account of the uneven 
development of the Gladosporvimi. 

As a result of Ids investigations Rusclimann concludes that 
the two MuGor species of Behrens take little or no part in 
dew-retting, that Mucor pLumheus may l)e able to ret, but, 
like Bhizopus nigrioans, is unable to compote with Glado- 
sporium herhcvmm. Ho agrees that aerobic bacteria may bo 
able to carry out the dew-retting in tlie absence of Glado- 
sporium, but tliat anaerobic forms such as Bac. wytiylobavUr 
take no part in the process. In this respect he dilfers from 
Stormer, quoted in Lafar’s toxt-l)ook on mycology and tlms 
confirms Steglich’s observations. The fact that the spores of 
Gladosporium, herbarmn are always found on dew-retted fibres 
is regarded l)y Ruschmann as proof of the importance of this 
fungus. 

Interesting though Ruschmann’s investigations undoubtedly 
are, they hardly decide the question of the nature of the 
microflora responsible for the dew-retting of fibre plants. 
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This question must therefore remain open until such time as 
researches on a large numher of fibre plants can be carried 
out; preferably at places where the process is used technically. 

The above outline of retting processes, viewed primarily 
from the standpoint of flax and hemp, applies to other textile 
plants such as Gorcliorus (jute), J^oehmeria (ramie), and Urtica 
(nettle). In these cases, however, retting is not usually con- 
ducted as carefully as in the ease of flax and hemp. Most 
primitive would appear to be the methods by which coir is 
separated from the coco-nut husk. According to Fowler and 
Marsden the retting of these husks in sea or brackish water 
requires ten to twelve months for completion, except where 
special precautions are taken to renew the retting water. In 
this case the reaction may last only three months. Such pro- 
longed exposure to a variety of difierent micro-organisms, in- 
cluding many cellulose -destroying forms, could not be contem- 
plated except in the case of such heavily lignified fibres as coir. 

The fact that the isolation of vegetable fibres is largely 
carried out by microbiological means, and under conditions 
which to some extent favour the development of cellulosc- 
deatroying miero-organisras, cannot but have an efl'ect on tlio 
subsequent fate of such fibres. This interesting question will 
be furl] 10 ]’ dealt with, in Chapter XI. 

Preparation of starch by the fermentation of pectin. The 
first method for the isolation of starch l)y a microbiological 
process dates from 1839, a period when the nature of micro- 
organisms was as yet hardly realiKod. It was evolved by 
Vdlker^'’, who was granted a patent for the preparation of 
potato starch by fermentation. In his process raw potatoes 
arc pressed in order to remove as much of their moisture 
content as possible. The remaining pulp, still containing 
al) 0 ut 50 per cent, of moisture, is piled in heaps, with alternate 
layers of a porous material, such as twigs, to ensure aeration. 
Spontaneous heating soon raises the temperature sufficiently 
for the desired fermentation to begin. During the fermenta- 
tion the pressed potato mass is reduced to a fine pulp from 
which the starch may be isolated by mechanical means such 
as washing through a sieve. 



184 MIOKOBIOLOaiCAL DECOMPOSITION PEOOESSES 

An insight into the changes which the potato tissues under- 
go during Volker’s process may he obtained by a repetition 
of Mitscherlich’s method for the preparation of a so-called 
‘ cellulose-dissolving ferment ’ from potatoes. Mitscherlich, it 
will be recollected, steeped slices of raw potato in luke-warm 
water and left them to decay. lie observed that a brisk 
fermentation started in the maceration when kept at a 
temperature of about 30° 0., and tliat the potatoes gradually 
disintegrated to a whitish pulp collecting at the bottom of 
the container. Mitscherlich was of the opinion that the 
cellulose of the cell walls of the potato tissues liad been 
resolved during this fermentation and that the starcli had 
in consequence been liberated. That, liowever, is not the 
case. What occurs is that the middle lamellae of th(3 potato 
tissues become resolved, and the liberated colls, with their 
starch content more or less intact, arc deposited as a pre- 
cipitate. The changes to which potatoes are subject l)oth in 
the Vdlker process and the Mitscherlich fermentation are 
therefore those of a typical pectin fermentation and are 
undoubtedly caused by members of the Ikw. tvnbijlohtder 
group. 

The preparation of wheat starch by a similar fermentation 
has also been commercially exploited (Fesca In this process 
the grain is first softened in water, crushed between rollers 
and tlien left to ferment, preferably after inoculation with 
material from a previous fermentation. The fermentation, 
which is stated to produce acetic and lactic acids, is a compli- 
cated reaction involving decomposition of both pectin and 
starch. It is completed in from 8 to 20 days, by which 
time the liquid standing over the crushed grain has become 
clear. The starch contained in the liberated endosperm colls 
is isolated by mechanical means. 

Neither this nor the Volker process appears to have gained 
a firm footing commercially. In his account of the preparation 
of potato starch, Saare^° ascribes this to the fact that the 
starch is in some way altered during the pectin fermentation. 
It is found to precipitate much less readily from its suspensions 
than mechanically prepared starch. The fermentation process 
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nevertheless possesses an important advantage inasmuch 
as the starch can be extracted more thorouglily from the 
tissues than is possible in the purely mechanical process. 
Share estimates that the latter processes are responsible for 
a loss of 15 per cent, of the total starch available, and he 
suggests that this might be recovered by subjecting the 
residues to a fermentation process. In trials he found that 
about 40 per cent, of this starch could thus be recovered. The 
starch, however, was of the same inferior quality as other 
‘ retted ’ starches, and settled badly from suspensions. A 
careful study of these fermentation processes is almost certain, 
as Saare suggests, to result in improvements, and there is 
little doubt that better types of micro-organisms could be 
found for this purpose than Bao. amylohacter, which possesses 
diaatatic on;^ymes and therefore shows a tendency to attack 
the starch itself. Tobler’s recent observations on the growth 
of Baa. felskieus in potato mashes indicate that this organism 
miglit be more suitable. 

The microbiological decomposition of pectins is of primary 
importance in some other directions, for instance in the ‘ wet 
rot ’ of clamped potatoes and in the rotting of stored fruits. 
Tlieso decomposition processes will not bo dealt with hero; 
a description of them may bo found in most text-hooks on 
plant diseases. Readers particularly interested in their study 
are referred to the investigations of Behrens Kramer 
Wohmor Jensen''", and Appel '"’h 
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CHAPTER VXII 


I-IEMIOELLULOSES AND CELLULOSE 

The presence of hemicelluloses in appreciable quantities in 
all plants makes their natural decay, their microbiological 
decomposition, a question of considerable interest. Though 
this decomposition occurs in the soil, in the manure heap, in 
the intestine, in the sea, and in fresh water, its importance 
can hardly have been fully appreciated, judging by the scanty 
and scattered information available. 

It was mentioned in the introductory chapter that the 
hemicelluloses may be divided into two natural groups, one 
comprising the types which act as reserve food materials for 
the plants whicli produce them, and the other serving as 
additional structural support for tl.\e cellulose skeleton of 
vegetable tissues. The microbiology of the reserve hemicellu- 
loses is of interest mainly from the point of view of their 
intestinal decomposition. Their destruction appears to proceed 
on the lines of that of the structural hemicelluloses (lidrissey b 
Rippol Pringsliieim '*), and will not be dealt with separately. 
Their proposed utilization in industry for the production of 
ethyl alcohol will bo discussed in Chapter XIII. 

Since hemicelluloses are insoluble in water and at the best 
only form colloidal suspensions with this solvent, the first stage 
in their microbiological destruction must be their conversion 
into soluble compounds. This stage was studied by Heirissey 
Schellenborg ‘b and Schmidt, Peterson, and Fred ® in the case of 
certain hemicellulose-decomposing fungi, and by Gran “ and 
Sawamura in the case of homicellulose-fermenting bacteria. 
Through this resolution the hemicelluloses are converted into 
monoses, either hoxoses, such as galactose and mannose, or 
pentoses, such as arabinose and xylose. 

The second stage involves a breakdown of the monoses 



188 MICROBIOLOGICAL DECOMPOSITION PROCESSES 

produced during the first stage. Where the monoses formed 
are hexoses, their further decomposition can he readily con- 
templated. It may he performed either hy the original 
microflora or hy a variety of secondary micro-organisms, 
incapahle of attacking the insoluble hemicelluloses. The 
decomposition products of this stage, therefore, depend entirely 
on the micro-organisms present and may range from organic 
acids, such as acetic, butyric, and lactic acids, to ethyl alcohol, 
and finally carbon dioxide and water. In the first case, types 
of the Bac. amylohacter group, the Bao. mcsmterims group, or 
the Bact. coli group may be active ; in the second, yeasts or 
certain alcohol-producing bacteria ; and in the third, probably 
mainly hyphomycetes. The hexoses may serve also as carbo- 
hydrate supply for denitrifying and nitrogen-fixing micro- 
organisms and may thus assist in the liberation and fixation 
of this important element. 

Where the hemicelluloses yield pentoses on resolution 
(hydrolysis), the secondary microflora participating in the 
destruction of the resulting monoses is less varied. It may 
still include members of the Bao. amylobaoter, the B(wt. eoU, 
and particularly the Bact lacM^ymiLotu'etieiim groups, as well 
as a variety of hyphomycetes and many ammonia-producing 
bacteria, sucli as Bao. Megaihermm. Some pentosans, particu- 
larly xylan, are readily decomposed by the latter typos (Sto- 
klasa Nevertheless, the wide distribution of pentosans and 
pentoses, even in arable soils (Shorey and Lathrop ^), is an indi- 
cation that pentoses are not as readily decomposed by micro- 
organisms as hexoses, which are not found in arable soil in 
measurable quantities. 

In many ways fungi appear to bo specially, adapted for the 
decomposition of hemicelluloses. Keference to sueli fungi 
was made in Chapter V. In Chapter III an account was also 
given of the few bacteria which have been found capal)le of 
decomposing these polysaccharides. How far actinomycetes 
decompose hemicelluloses is not yet quite clear. Henneberg’s 
investigations of the intestinal microllora point to their im- 
portance in this respect, but more definite information is 
undoubtedly required. 
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The microbiological decomposition of cellulose proceeds, like 
that of the hemicellulosea, in two stages, the first involving an 
hydrolysis of the cellulose resulting in the formation of the 
soluble carbohydrates cellobiose and glucose, and the second the 
further oxidation of these sugars either by the cellulose de- 
composers themselves or by a secondary microflora. In the 
laboratory this decomposition process is never carried through 
to completion. There will always be left over a more or less 
bulky residue, which may be coloured ochre, blackish, or even 
reddish. Examined microscopically, this residue shows the 
structure of the original cellulose material. Thus where filter 
paper is being decomposed, the original fibrous structure can be 
readily discerned. The extent to which the residue is changed 
chemically during attack by micro-organisms has not been 
determined. When boiled in a dilute solution of alkali, part of 
the residue is dissolved. There are no indications, however, 
that this soluble part is in any way related to humic substances. 

. The ochre pigment formed by many cellulose-decomposing 
bacteria was examined by Hutchinson and Clayton in their 
investigations on BpirocJiaeta cytophaga. They found that 
the pigment is soluble in the ordinary fat solvents, yielding a 
canary-coloured solution with ether, an ochre-coloured solution 
with petroleum ether or chloroform, and an orange-coloured 
solution witli carbon bisulpliido. On evaporation of these 
solutions an oily orange-coloured residue remained. The 
pigment gives colour reactions rosombling those of carotin. | 
It therefore resembles the lipochromo pigments found in many 1 
bacteria, for instance in BtaphyloGoocus pyogenes a aureus. 

The formation of copper-reducing carbohydrates as inter- 
mediate decomposition products during the microbiological 
decomposition of cellulose was foreshadowed by von Euler’s 
experiments on the action of a juice pressed from Merulvm 
laGrynuim on cellulose dextrins. The formation of cellobiose 
as a result of the microbiological decomposition of cellulose was 
dcnionstratod by Pringsheim. In his treatise on tlie polysac- 
cl:iaridea, Pringaheim^ ** ^ lucid account of his investigations 

in tins direction. By the addition of antiseptics, particularly 
a 0*5 per cent, solution of iodoform in acetone, he succeeded in 
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arresting the growth of cellulose-decomposing bacteria without 
materially affecting the activity of their enzymes. In this 
way he prevented the absorption and further oxidation Ity 
living cells of the soluble intermediate decomposition products 
of the cellulose. The cessation of growth, without a destruction 
of the hydrolysing enzyme, was also attained by raising the 
temperature of a vigorously fermenting culture of thermophilic 
cellulose-decomposing bacteria to a point above the maximum 
temperature for growth, but below the thermal point ol: 
destruction of the hydrolysing enzymes. In both cases 
Prinp-sheim observed the accumulation in his cultures of 

O • /» 

copper-reducing carbohydrates, which he found to consist of 
cellobioae and glucose. It is interesting to note tliat Pringshoim 
found two enzymes necessary for the conversion of cellulose 
to glucose, one termed cellulase, hydrolysing the cellulose to 
ceilobiose, and another, cellobiaao, converting the cellobiose 
to glucose. As the thermal point of destruction of the collo- 
biaso was found to be lower (67° C.) than tluit of tlic cellulase 
(70°C.), it was possible to prevent the formation of glueose 
and to limit the hydrolysis of the cellulose to cellobiose by 
conducting the fermentation of the cellulose at a temperature 
between 68 and 69° C. A further method for tlie accumulation 
of cellobiose is suggested by Groonewege '’S who states that 
this disaccliaride is produced more rapidly than it is decom- 
posed when the cellulose fermentation is conducted under 
slightly alkaline conditions. 

Under ordinai'y conditions neitlicr glucose nor ctdlobiose 
accumulates to any measurable extent. This is important, since 
cellulose-decomposing micro-organisms may be inhibited in 
their growth l)y the presence of oven small (|uantitieH of 
copper-reducing carbohydrates (Hutcliinson and Clayton ■“). 
These sugars are nevertheless present in sulTicient (piantities 
to serve as a source of energy for other micro-organisms, 
Thus Pringsheim found that a culture of Omelianski’s Bm, 
methanigenes growing on cellulose assimilated nitrogen from 
the air when inoculated with a nitrogen-fixing strain of the 
BaG. amylobacter type. Through the oxidation of the cello- 
biose and glucose by Bac. amylohacter the culture accumulated 
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10-4 mgs. of atmospheric nitrogen per gramme of cellulose 
decomposed, or 10 kgs. of nitrogen per metric ton of cellulose 
fermented. This observation serves as a striking example of 
the importance of those microbiological processes by wliich 
cellulose is destroyed in nature, particularly in the soil. It 
also emphasizes the importance of the secondary microiiora 
associated with the true cellulose decomposers in the natural 
decay of cellulose. 

In the laboratory the presence of the secondary microiiora 
in crude cultures of cellulose-fermenting bacteria is a constant 
source of anxiety, making the preparation of pure cultures of 
the true cellulose decomposers an almost impossible task. This 
difficulty, however, does not necessarily justify the assumption, 
so often advanced in the early days of the investigation of the 
microbiological decomposition of cellulose, that many cellulose- 
destroying bacteria cannot be artificially cultivated under any 
conditions except in symbiosis with other types. 

Tliougli cellobiose and glucose may act as inhibitory sub- 
stances in preventing the development of cellulose-decomposing 
baeteiia, it is nevertheless through the oxidation of these 
carbohydrates tliat all true cellulose fermenters acquire the 
energy needed to perform their various life functions. Tlie 
final decomposition products whicli may result from this 
oxidation of cellobiose and glucose wore mentioned in 
Chapter III in describing Omolianski’s and Khouvino’s 
anaerobic cellulose decomposers. These products comprise 
carbon dioxide, liydrogen, methane, organic acids, such, as 
butyric and acetic acid, and ethyl alcohol. The last-named 
substance is usually found only in very small quantities. In 
two cases, in the decomposition of cellulose by Jkw. ecUulosae 
disaohens, Khouvine^«, and by Fred, Peterson, and Viljoon’s 
thermophilic cellulose decomposer yields are reported to bo 
higher, amounting to 5 to 25 per cent., calculated on the 
cellulose fermented. The formation of this alcohol, as well as of 
tlie methane and ethane observed, is ascribed by van Senus to 
the reducing action exercised by the evolved hydrogen on the 
primary cellulose-decomposition product, the acetic acid. 

Another attempt to study the chemical reactions involved 
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in tlie formation of ferinontation products of colluloso was 
made l)y ]Sfonl)crg and Cohn who found tliat acetaldohydo 
could be isolated from cultures in which colluloso was being 
fermented. It is noteworthy that Neul)erg and Colin utiliz:od 
impure cultures of methane- and hydi.'ogen-forming liacteria 
for tlioir experiments and that these cultures also gave acetal- 
deliyde when grown in glucose medium in which Blig. msthcmvi- 
(jenes and Baa. fimim-larum, Omelianski do not develop. 
For this reason their experiments cannot be regarded as con- 
clusive since the production of the acetaldehyde may have 
been the result of the activity of glucose- fermenting secondary 
micro-organisms present in their cultures. 

Mucli work is needed before the biochemical reactions 
involved in tlie lireakdown of cellulose are understood and 
the fermentation of cellulose, and of its associated substances, 
can be expressed by cliomical formulae. At present such 
formulae would bo of little, if any, value. The researches of 
the immediate future must concentrate on the ac(|uisition and 
tabulation of facta, and first and foremost on the isolation and 
cultivation of the responsible micro-organisms in pure culture. 

It is witli a view to assisting in the tabulation of already 
ac(|uirod facts, and to rendering the subject less unwieldy, that 
tlio account of the natural decomposition of liemicollulosoa and 
cellulose now to be given has been divided under four head- 
ings ; tlioir decomposition (1) in the manure heap, (2) on and in 
the soil, (3) under water, and (4) in tlie intestine. Wlion the 
chemical reactions of this decomposition and the microlloi'a 
concernod liavo been more tliorouglily elucidated, a better 
grouping will no doubt suggo.st itself. At the moment that 
proposed offers distinct advantages. 

Up to the present no account has liecn given of the micro- 
liiologieal deeompoHition of lignin ami of ‘ suborin’ (Ohevrcnl 
liotli sulistances of the greatest importance. Tlie reason for 
tliis apparent oversight is that nothing very deiinite is known, 
oxce];)t that both lignin and suberin are more resistant to 
microbiological destruction tlian other vegetable substances. 
It must 1)0 admitted, however, that the eumyeotes liavo fre- 
quently boon reported as capable of decomposing lignin, 
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and it ia a well-known fact (von Tubeuf that many wood- 
destroying fungi can be recognized by the appearance of the 
wood attacked by them, since some forms leave patches of 
pure cellulose in the decayed wood, from which hemicelluloses 
and lignin have been removed. The extent to which lignin is 
lemoved from wood during its destruction by fungi was 
estimated by J ohnsen and Lee who found 30 per cent, of 
lignin destroyed by Tmmetes pini as against 15 per cent, of 
cellulose. In other investigations Bray and Andrews and 
Johnsen and Hovey^*’ report that the lignin remains un- 
decomposed during the destruction of wood by fungi. This 
divergence of view is undoubtedly attributable to the fact that 
lignin is decomposed by some wood-destroying fungi and not 
by others. It is hardly justifiable therefore, as Fischer has 
done, to quote the work of Bray and Andrews in support of his 
and Schrader’s recently advanced theory on the formation of 
coal, without taking into account the many equally well-founded 
observations by other workers, that lignin can be decomposed ’ 
by eumycetes. It will be necessary to return to this subject 
later, when discussing the microbiological aspect of coal 
formation. 

An attempt to determine whether lignin can be fermented 
by bacteria was recently made by Pringsheim and Fuchses, 
This, so far, is tlie only account of the decomposition of lignin 
by bacteria apart from some experimentally unsupported 
statements by Hubert in 1892. For their purpose Prings- 
heiui and huchs subjected wood to a boil with alkali, 
precipitating with acid the material thus extracted and 
converting it into the corresponding ammonium compound 
by neutralization with ammonia. This material still con- 
tained 6 per cent, of pentosans. 

_ The ammonium compound was introduced into a flask contain- 
ing 04 per cent, ammonium sulphate, 0-1 per cent, di-potassium 
hydrogen phosphate, and 0-6 per cent, crystalline magnesium 
sulphate, all ol the salts being dissolved in tap water in which 
a few grammes of chalk were suspended. The flask was inocu- 
lated with soil and incubated at 87° 0. 

A slight gas evolution was visible in the flask after a few 
days. In sub-cultures of the same medium, however, no gas 
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wan formed. ^ The third Hub-cultnr(j was examined after eight 
days ineubatioii to determine the amount of lignin formonted. 
It uoiH lound that out of the 10 grammoR of lignin compound 
original ly^ present, 6*5 grammoH could be recovered after 
bumu'.niation. Where the lignin was fermented in a con- 
centration ol: 1 per mille,. instead of 2 per millo as in the 
above (LXp(niment, only 4 grammes of lignin wore recoverable 
froin 10 grammes taken. In control experiments, where the 
lignin compound was introduced into the above medium and 
incubated at 37° G. for eight days, 4-5 gnimmes could be 
rc'covin’ed from 5 grjimmes taken. Pairt of tlu‘. lignin compound 
usisd had therefore undergone chang(;s during fermentation 
which i)rev(‘.nted its recovery. Tlie nature of these changes 
was not studied by Pringsheim and Fuchs: nor has tlio result 
been given of tlu^ investigation of the responsible microliora, 
a study underta,lcen in collaljoration with Liclhenstoin. Both 
of these (|uestionH are subjects of great importance and, when 
elucidated, may go fai* to explain many ])aints of interest, 
particularly to agriculture. As an example, it may bo 
mentioned that Gray and Chalmers'”* found that traces of 
lignin act as an accelerator in tlio fermentation of cellulose 
fiy Mwnwpmt, 

''I he subject ol the microbiological decomposition of suberin 
is entirely unexplored, thougli it would undoubtedly be a 
mattf'.r ol giuait interest to establish the extent to whicli the 
vast amount ol: this substance accumulating yearly takes part 
in the production ol humus, peat, and coal. It is perhaps an 
indication tlnit the resistance of suhorin is less marked than 
is generally assumed, that Fleming and dliaysen**’ found that 
cotton hairs which had been damaged by miero -organisms 
behaved dilHe’ently to normal hairs when suhje.eted to swelling 
treatment with carbon hisulpliide and alkuili. The cuticle of 
the damaged hairs liad lost its property of resisting the 
tLfpansion of the swtdling cellnlosc, thus giving to the damaged 
hairs an ahnornud microscopical appearance (see Figs. 12 and 
13 in Oliapter XI). 

d’he natural decay of homieellulosos and ctdlulose, including 
1 ignotsd 1 ulo.so and snherin, was classed also ve under four headings ; 
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the destruction (1) in the manure heap, (2) in the soil, (3) under 
^ water, and (4) in the intestine. In all four eases the destruction 
goes hand in hand with a microbiological change of other 
constituents of the plant materials involved, primarily with 
the destruction of the gums, the pectin, the nitrogen com- 
pounds, and the inorganic salts. Where information is avail- 
able on the fate of the gums and the pectin, special reference 
will be made to these substances in the following pages. The 
nitrogen compounds and the inorganic salts will not be dealt 
with except in so far as they may have a direct bearing on 
the microbiological changes suffered by the cellulose and its 
associated substances. 

(1) The microbiological decomposition of hemicelluloses and 
cellulose in the manure heap. Both in the manure heap, 
and in the compost heap the microbiological changes, resulting 
in the ‘ ripening ’ of the heap, aim at the conversion of the 
vegetable tissues present into compounds which will assist in 
maintaining and increasing the fertility of the soil. Primarily 
the heap is converted into the so-called heurre noir of the 
early French investigators, now generally described under 
the name of humic substances. To carry out these changes 
in the soil itself has long been known to be deleterious to 
plant life unless sufficient time is allowed to elapse for a fresh 
state of biological equilibrium to be established. This harm- 
ful etfect was demonstrated by Fred in the case of green 
manure. Whore seed was sown immediately after ploughing 
in green plants as a manure, the seeds, or tlie seedlings 
germinating from them, were destroyed by fungi, and possibly 
bacteria, active in the conversion of the green manure. The 
micro-organisms thus attacked both the tissues which they 
were intended to destroy, and the other forms of vegetation 
present within the sphere of their activity. Not until the 
equilibrium of the soil-flora has been restored, on the complete 
destruction of the green manure, can plant life benefit from 
the resulting decomposition products. In the case of green 
manure this destruction is usually completed in a few weeks. 

Another reason for the unfavourable action on the immediate 
development of plant life resulting from the introduction of 

o 2 
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undocomposed plant material into the soil is claimed by 
Viljoen and Fred to be the reduction of the niti’Ogen content 
of tlio soil due to the destruction of the tissues by cellulose- 
decomposing micro-organisms. By conducting the rotting 
of vegetable tissues on the manure heap, instead of in 
tlio soil, these harmful consequences are entirely overcome. 
In the heap the course of the conversion of plant tissues into 
manure will depend not only on the type of vegetable matter 
present, but e(|ually on some of tlie materials of whieli tlie 
lioap is composed, primarily on the form and the (juantity 
of the nitrogen available. According to tlie nature of the 
nitrogen present, the manure heap may bo classed as farm- 
yard manure or compost manure. Farmyard manure consists 
essentially of the solid and liijuid excreta of animals 
of tlio farmstead, mixed witli varying (|uantities of straw 
and other binding materials. Compost manure is built up 
exclusively of vegetable debris, possibly mixed with sand 
or soil, but with no nitrogen beyond tlie supplies originating 
from the plant tissues. 

As tlie changes sulFered by the plant material are essentially 
the same in both the farmyard manure heap and the compost 
heap, the two rotting processes will not lie discussed separately. 
It sliould bo remembered, however, that the active ynierofiora 
probably dilfors considerably in the two cases. Miehe’s'*'^ 
invostigations of the heating of accumulated vegetable matter 
indicate tliat eumycetos play a greater part in the rotting 
when air can gain access to the plant tissues, as in the 
compost lieap, than when oxygen is more or loss absent, as 
in the farmyard heap, 

^Jdie processes involved in tlio ripening of farmyard manure 
wore early subjected to careful investigation, ami tlio volume 
oi’ available literature testifies to the importance attached to 
tlui subject. One of the most recent contributions is of 
particular interest and will therefore be consideretl first. 

In their investigation on, the preparation of artificial farm- 
yard manure Hutchinson and liiehards found that straw 
could 1)0 converted into a bewrre nolr, a lirown plastic 
compound typical of a well-rotted farmyard manure, when 
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inoculated with certain micro-organisms, among them Spiro- 
chaeta cytophaga. Further experiments revealed that it was 
le food materials added to the straw with the culture of 
micro-organisms, rather than the latter, which facilitated the 
conversion. This observation did not indicate, of course, that 
the presence of micro-organisms was immaterial, but merely 
showed that the microflora normally present on the straw 
was capable of performing the decay under favourable 
conditions, that is, in tlie presence of food materials and 
moisture. The essential food materials were found to be 
nitrogen compounds, preferably urea. Cyanamide or ammonium 
salts could replace urea, if necessary. Tlie rotting of tlie 
straw was favoured also by the addition of lime or chalk, 
probably on account of their neutralizing action, and by 
conducting the process at a temperature somewhat above 
that of the surrounding atmosphere. This latter requirement 
did not have to be artiflcially established, since the presence 
of oxygen in and around the rotting straw sufficed to raise 
its temperature by 15 to 20® C., once moisture and a source 
of nitrogen had been supplied. The importance of oxygen in 
this connexion was already known and had been observed by 
tlie earliest investigators studying the ripening of the manure 
heap, notably by Deherain and Dupont 
The^ rise of temperature was ascriliod liy Dehdrain to 
oxidation processes, initiated partly by the activity of aerobic 
micro-organisms, but principally liy purely chemical processes. 
Dupont’s, as well asMiehe’s-'^^ investigations on the spontaneous 
combustion of hay have made it practically certain, however, 
that the rise of temperature is duo entirely to microbiological 
oxidation processes. Thus Miehe showed that samples of 
sterilized hay gave no rise of temperature until inoculated 
with suitable organisms. 

Though Hutchinson and Richards found the presence of 
nitrogen essential for the conversion of straw into manure, 
they emphasize that the addition of an excess of nitrogen 
may retard, and in extreme cases may even prevent, the 
conversion. They found it important that the nitrogen should 
not exceed 2 per cent, of the weight of the dry straw, a 
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percentage which they regard as the normal nitrogen content 
both o£ faecal matter and of well-rotted farmyard manure. 
Of the total of 3 per cent., a maximum of 0*7 to 0-75 per 
cent, was shown to he held by the straw as ammonia. Any 
excess of ammonia present, or formed, which could not be 
utilized for the building up of the 1‘3 per cent, of organically 
combined nitrogen, was readily lost by evaporsition, especially 
on the drying of the manure heap. 

The adjustment of the nitrogen content of the straw to 
2 per cent, apparently takes place within the first four weeks 
‘ of rotting. During the remainder of tlie ripening process, 
lasting from four to six months, the breakdown ot the organic 
nitrogen to ammonia and the loss of ammonia ]»y evaporation 
were found to keep pace with the loss of non-nitrogenous dry 
matter, thus maintaining the nitrogen percentage at 3 per 
cent. As tlie destruction of the dry matter ceased towards 
the completion of tlio rotting processes, the decomposition oi: 
the organic nitrogen and tlie evaporation ol ammonia ceased, 
and tlie manure could consequently be kept loi’ months 
without noticeable loss of ammonia. Any initial excess ol 
nitrogen beyond 3 per cent, was found to be removed from 
the straw in the first four weeks ol the I’otting proeoss l)y 
denitrification, either in the form oi: ammonia or as free 
nitrogen, without the straw becoming involved. To avoid 
such losses, Hutchinson and lliclvards advise the addition to 
a manure lieap of sufficient (piantities of straw to lower its 
percentage of nitrogen to 3 per cent. 

From this outline of Hutchinson and liichards’s interesting 
investigations it is clear that there are at lea.sb lour important 
microbiological reactions involved in the preparation of farm- 
yard manure, which in practice, and before lermontation, 
usually contains move than 3 per cent, of nitrogen, The.s 0 
comprise the elimination of excess nitrogen by denitrification, 
the oxidation of carbohydrate compounds resulting in the 
rise of the temperature of the manure heap, the stabilization 
of the nitrogen content to ensure an equilibrium between tlie 
organically held nitrogen and the nitrogen held as ammonia, 
and finally the conversion of the plant materials into Imm'e 
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noir or humic substances. To what extent do the cellulose 
and the hemicelluloses of the plant material, and to a lesser 
extent the pectin and the gum substances, take part in these 
decomposition processes ? 

From what has already been said it is clear that the 
denitrification processes resulting in the elimination of excess 
nitrogen as free nitrogen and ammonia do not involve the 
straw, but are performed by typical denitrifying and putrifying 
micro-organisms such as Bact. fluorescens, which converts 
organic nitrogen compounds into ammonia, even in the absence 
of carbohydrates (Emmerling and Reiser 

The oxidation processes by whicli the temperature of tlie 
maniu'e heap is raised have scarcely been studied since 
Dupont undertook his investigations on the microflora of 
the aerobic fermentation of the manure heap in 1902. He 
came to the conclusion that Bae. mesenie'ricus ruber, thriving 
well at a temperature of 50° 0., and Bcw. thermoiMliis, 
Grignoni, growing at temperatures up to 70° 0., were the 
most important micro-organisms in this fermentation, and 
consequently responsible for the increased temperature. Of 
the two, Bac. mesentericm ruber fermented xylan readily, 
giving olf carbon dioxide and forming small qutotities of 
acetic and butyric acids, while Bac. ihermopUlus, Grignoni, 
showed little action on xylan, but fermented glucose, yielding 
carbon dioxide and appreciable quantities of acetic acid. 

That the microbiological decomposition of hemicelluloses, and 
particularly of xylan, gives rise to an increase in the 
temperature of accumulated vegetable tissues was also found 
by Miehe in the spontaneous combustion of hay. It is 
fairly safe to assume, therefore, that one of the functions of I 
the hemicelluloses in the manure heap is to serve as a carbo- 
hydrate supply for those micro-organisms which bring about 
an increase in the temperature of the rotting vegetable 
material. That, however, is not their only function. Since 
many of the hemicellulose decomposers, and among them |; 
Bac. mesentericus ruber, convert organic nitrogen into ■ 
ammonia, the hemicelluloses must take an active part in 
the second series of microbiological processes which is 
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responsible for the conversion of tlie manure nitrogen into 
a form which can be made readily available as a plant food. 
This has been regarded as the most important function of the 
hemicelluloses, but the losses which they suffer through this 
conversion are hardly large enough, to justify that assumption. 
Thus Sjollema and Ruyter de Wild who investigated the 
metabolism of the pentosans during manure rotting, found 
that % kgs. of cow dung, sxibjected to aerobic fermentation at 
room temperature for two montlis, showed a loss of only 
13 per cent, of its pentosans. Under these conditions tlie 
ammonia-producing and pentosan-decomposing micro-organ- 
isms must have developed well, though their growth, and 
consequently their eimymatic activity, iniglit luive b(5en 
increased by a soraewliat higher temperature, Nevtirtlieless, 
the very largo increase in the destruction of pentosans, 
amounting to a removal of 46-5 per cent, of the original 
total, which followed a change of tlie experimental conditions 
from aerobic to anaerobic, and an inci'oasci in the, t{.‘,mperature 
of tlie reaction from ordinary room temperature to 35® C., 
points to tlic liability of the liemicelluloses to destruction by 
micro-organisms other than the aerobic ammonia protlucers. 
This view is conlirme<l by an examination of tlie decompo- 
sition products formed under anaerobic conditions in tlui 
manure heap, 'l.dioy include a considerable (piantity of gas, 
mainly methane (Reisot'^^ and Deherain'’^), and thus iudieatii 
that the pentosans may take part in the decomposition pro- 
cesses whicli are often regarded as characteristic of cellulose. 
A good deal of further work is required to establish the 
extent to which the methane-producing eelluloso-fermenting 
bacteria are capable of decomposing xylan. So far, lioppe- 
Seyler’B''"^ preliminary experiments, in which lie inoculated 
suspensions of xylan in water with river mud, are the only 
direct experiments available to support the view that xylan 
may be fermented by methane-producing ccUulase-docom- 
posing bacteria. 

That liemicelluloses may* he converted into organic acids, 
notably lactic acid, in the manure lieap, still remains to bo 
demonstrated. It appears likely, however, that they can he 
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decomposed in this way, since in the preparation of silage the 
pentosans are subjected in large measure to this type of 
decomposition. A conversion of hemicelluloses into organic 
acids would be of great value in the manure heap, since these 
acids would assist in retaining within the heap the ammonia 
formed from organic nitrogen. 

The many reactions in which hemicelluloses, and particularly 
xylan, are involved during the ripening of the manure heap 
make the destruction of these substances a matter of primary 
importance, and there is a good deal of justification for Sjollema 
and Ruyter de Wild’s statement that the value of a manure 
depends on tlie extent to which the pentosans have been 
decomposed. Nevertheless, their removal is in no case very 
complete, and fully 50 per cent, of the hemicelluloses originally 
present are left behind, even in well-rotted manure (Konig"'^''^). 

Some of the micro-organisms which attack hemicelluloses in 
the manure heap are types which are capable also of decom- 
])osing pectin, notably the members of the Bac. mesenterims 
group. It is probable, therefore, that the pectin present will 
function on the lines of the hemicelluloses, that is, will assist 
in raising the temperature of the fermenting heap and in 
converting organic nitrogen into ammonia. Tlio pectin may 
bo decomposed also on the lines outlined when discussing the 
various retting processes, notably by members of the Bac. 
amiylohaoter typo, which are found in large numbers in the 
soil and in the intestine of herbivorous animals (Henneberg^'’), 
wIiencG they enter the manure heap. Knowing from Prings- 
heim’s'^f'’ investigations that these Bac. amylohacter forma are 
often capable of fixing atmosplieric nitrogen when growing 
in symbiosis with cellulose-decomposing bacteria, it cannot 
a priori be excluded that processes may occur in the manure 
heap during its ripening, by whicli atmospheric nitrogen is 
fixed. This view is supported by Fulmer and Fred’s investi- 
gations on the nitrogen-fixing property of artificial mixtures 
of dung and wheat straw. It was found that a mannitol 
solution inoculated with such a mixture showed a distinct 
increase in total nitrogen content more marked at 28° C. than 
at 76° 0. Pure cultures possessing the power of fixing nitrogen 
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under such conditions were isolated, and one ot them, Bact. 
azopliile, was described in detail by Fulmer Richards’s 
own investigations of the aerobic fermentation of the manure 
heap also support tlie view that nitrogen-fixing processes occur 
in the manure heap. 

Hutchinson and Richards’s observations that an artificial 
farmyard manure heap, prepared from straw and containing 
too little nitrogen before fermentation, increases its nitrogen 
content to the normal .2 per cent, by the absorption of ammonia 
from the surrounding atmosphere, does not, therefore, entirely 
exhaust tlie possibilities for the accumulation of nitrogen by 
the lieap. 

The decomposition of hemicelluloses and of pectin is prol)al)ly 
to some extent also the work of actinomycetes and of fungi, 
particularly in the compost licap. Botli of tlicsc classes of 
micro-organisms luive been isolated fi’om the constituents of 
manure heaps. Actinomycetes were obtained by Tsiklinsky 
from faecal matter and by Miehe from compost heaps. The 
presence of fungi in manure is discussed by Hcmnoljerg 
‘The extent of tlie activity of these organi.sms has not yet lieen 
measured, nor have tlie resulting decomposition products lieen 
established. From what is known of the iiliysiology of the 
actinomycetes it is probable that tlieir dcsti’uction of liemi- 
celluloses and of pectin is associated with, a conversion of 
organic nitrogen into ammonia. 

Even more extensive than the do-struction of the hemicollu- 
loses is tlie elimination of celluhmG during the rotting of 
a manure heap. Though definite data are not available, an 
idea of the extent of this elimination can be obtained from 
Hubert’s inveKstigations. This autlior found that 50 per cent, 
of the dry matter of a manure lieai) was lost after three 
months’ fermentation. Wo may assume tiie original liemi- 
cellulose content of the straw composing tlie heap to be 
20 per cent., that of cellulose to bo 50 per cent., and that of 
lignin to be 20 per cent,, and we know tliat 60 per cent, of the 
hemicelluloses of the straw would remain in the manure after 
rotting. It follows that some 60 per cent, of the colhiloae, or 
two and a half times as much cellulose as hemicelluloses, would 
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have been decomposed during the three months’ fermentation 
in Hubert’s experiments, if the lignin and the remaining con- 
stituents of the straw had also been reduced by half, a reduction 
which is not likely to have been exceeded. In what manner, 
by what micro-organisms, and with what result is this large 
amount of cellulose decomposed ? 

From the earliest investigations dealing with the rotting of 
the manure heap this question has attracted wide interest, but 
its elucidation is still far from complete. This is not surprising, 
since the processes involved in the rotting of manure under 
agricultural conditions are complicated by various side 
reactions, notably by the metabolism of an excessive nitrogen 
content. Future investigations should be greatly simplified 
by Hutchinson and Richards’s observations that a % per cent, 
nitrogen content reduces these complications to a minimum. 
The earliest investigations, notably those of Gayon''® and 
DehciraiiH’^ and his pupils, had shown that the rotting of the 
manure heap involves two separate fermentations, an aerobic 
heat-producing fermentation and an anaerobic methane- or 
sometimes hydrogen-producing decomposition. The anaerobic 
fermentation was found to be favoured by the high tempera- 
tures developed during the aerobic fermentation. As regards 
the nature of the responsible micro-organisms Gayon reported 
in 1884 that he had isolated in pure culture from a manure 
lieap a ‘ small organism ’ which decomposed both cellulose and 
straw with evolution of methane. This observation was not 
confirmed by later investigators, however, and Lohnis and 
Kuntze'"’’^, who in 1908 endeavoured to isolate the cellulose- 
decomposing micro-organisms of the manure heap, failed 
completely in the task. If it is justifiable to judge by 
analogy, it is highly probable that the anaerobic cellulose 
decomposition processes of the manure heap are performed by 
such organisms as the thermophilic rod obtained by Fred, 
Peterson, and Viljoen from horse dung, and the thermotolerant 
JBac. cellulosae cUssolvens of Khouvine isolated from faecal 
matter of man. The latter organism may be particularly 
importa,nt in farmyard manure, since it is favoured in its 
growth by the presence of faecal matter. It is possible, of 
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course, that Oiuelianski’a Bac. mdlianigenes and Jkic. fossieu- 
larum may also play a part in the decomposition of the 
cellulose in the manure heap, but the high temperatures pre- 
vailing would probably militate against their development. 

Since aerobic decomposition processes play an important 
part in the elimination of cellulose in the soil (van Iterson, jr.^’'*), 
it is not unlikely that this reaction may also occur in tlio 
manure heap, especially in the compost heap, which is often 
loosely built up. Nor is it improbable tliat actinomycetos and 
fungi may assist in the disposal of tlie cellulose of tlie manure 
Iieap, just as tliey are probably taking part in tlie destruction 
of the hemicellulosea. The fungi are not likely, liowever, to 
exercise the dominating influence on the decomposition of the 
straw that Wehmer is inclined to ascribe to tliom, at least 
not in, tlie case of farmyard manure. For this to bo the case 
their distribution in the heap would have greatly to exceed 
that indicated by the numbers actually found. 

The microHora associated witli tlie decomposition of cellulose 
in the manure Iieap is thus extremely varied. Its activity 
may result in the evolution of nietliane and hydrogen, the 
former, according to Dehdrain when the reaction of the 
heap is neutral, and in the production of carbon dioxide and 
organic acids, compounds regarded as especially important by 
Dehdrain and his pupils for tlie fixation of the ammonia formed 
from the decomposing nitrogen. Among other fermentation 
products may be mentioned the mucilaginous substancoB found 
in pure culture of many cellulose fermcnterH. This mucilage 
is perhaps present in tlio plastic sulistanccH to which plant 
tissues are reduced in well-rotted farmyard manures. 

In 1922 Henneberg^*’ attempted t(,) study tlio mici’oliora 
of a rotting compost heap by direct examination. The roHults 
contain little of interest. They confirm the view, however, 
that the preponderating microflora belongs to tlie bacteria and 
not to the fungi. 

In this outline of the breakdown of cellulose in tlio manure 
heap sufficient stress has not, perhaps, been laid on the fact 
that the bulk of the cellulose is present as ligno-cellulose, 
a substance wliich is regarded as being less readily decom- 
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posable by bacteria than is pure cellulose. The complication 
introduced by this fact is still too little understood for its effect 
on the composition of the active microllora to be estimated. 
It raises, however, the important question of the ultimate fate 
of the lignin content of the manure heap. Here observations 
are, practically speaking, limited to the vague statements made 
by the early investigators, who reported (Hubert that part of 
the lignocellulose, or vasculose, became dissolved in the alkaline 
liquid of the heap and thus formed the mature 'mire, the chief 
constituent of manure — its content of humic substances. 

This introduces the highly debatable subject of the origin 
and the nature of the humic substances — sometimes termed 
ulmins (see Stopes and Wheeler 

By the expression humic substances, or ulmins, is understood 
the brownish or almost black degradation product of plant 
tissues, soluble in ammonia and other alkalies, and precipitated 
as a gel-like deposit from these solutions by the addition of 
an excess of acid. This property of the humic substances of 
dissolving in alkalies and of being precipitated on subsequent 
neutralijjation of their solutions with acids lias given rise to 
the belief that they have an acidic nature. They are therefore 
spoken of as humic acid and liumic salts respectively. In spite 
of the fact that blue litmus is turned red by humic acid, 
Baumann and Gully deny that it has a true acidic nature. 
Tliese authorities regard it as a colloid, in which organic acids 
and salts are hold by absorption. 

Humic substances may be formed naturally by microbiologi- 
cal decay, for instance in the manure heap and by the decay 
of vegetable matter in the soil, or they may be artificially 
prepared by the action of mineral acids on carbohydrates or 
by the oxidation of phenols. Their chemical composition 
varies considerably. Speaking broadly the natural humic 
substances contain carbon, hydrogen, oxygen, and nitrogen, 
wliile tliose formed artificially from carbohydrates contain only 
carbon, hydrogen, and oxygen. The mother substance may 
be aliphatic compounds such as carbohydrates, aromatic com- 
pounds such as phenols, or pectin, or protein decomposition 
products, either alone (Schmiedeberg or in combination with 



200 MlCIEOBIOLOaiOAL DECOMPOSITION PEOOESSES 

CiirbohydnitcH (Jodidi Tho lumiic eoinpoiinds derived from 
protciiiH and protein docompoaition producta are termed 
melanoida by Selimiedeberg-. a.diey will not be dealt with 
Imri;, 

Ah regartls the humic Hubatances derived from aliphatic and 
aromatic compounda it haa now l)ecn CHtablished, thanks to 
the reaearchcH of Eller and his collaborators tliat tlioy 

lall witliin two clearly dclinod groups, the lii'st of which com- 
piiscH tlie Iiumic substances formed naturally by tho decay of 
\’egetable tissues and those prepared artificially by tho oxidation 
(jf a,romatic compounds such as phenols. The second group 
comprises tlio humic Hul)stances pi-epared artificially by the 
action of mineral acids on carbohydrates. It may bo added 
ht‘.re tlnit humic substances may also be formed from carbo- 
hydrat(is (pure cellulose) which have boon kept for many 
(uaituries, without exposure to microbiological decomposition, 
for instance in mummy cloth. Further reference to work on 
this humus is made inOhapterX in discussing tlie ([uestion of 
the formation <»f p(}at and coal. 

f’rom his resisarclu^H Jtller C()ines to tlu'. conclusion that tho 
Iiumic HubstamHvs pre|)ared from a sample of lignite inve.stigated 
by him, and from phenols, ari^ Idiaitical in their essential 
features. The humic compounds prepared from pyrogallic 
acid in the iire.sence of an alkali were found to have the 
formula (^JbjKOy^; 05 per cent, of tho lignite used consisted 
of exactly the same suh.slance, and showed signs of having 
biHui formcMl, in part at least, I'rom decayed tree trunks, tlint 
is, from material which may have heim rich in lignin. This 
statement hy Eller dclim*H in so many words the problem, at 
present so widely di.scuHsed, of tlu< nature of the mother 
Muhstance of naturally formed Innnic suhstances, and of 
whetlier peat ami coal have heen formed cluefly from lignin, 
or from cellulose, or from a mixture of hoth. In any case, 
Eller’s investigations, as well ns those of l''i.se]ier and Schrader 
have made it elear lieyond doulit that lignin take.s an important 
part in tho formation of natural hiunie suhstaneoa. This view 
had lioen already expressed by Hdberfc and before him ly 
Framy and supported liy many other invostigatora, including 
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Hoppe-Seyler who was unable to trace humic substances in 
the products of the decomposition of pure cellulose by micro- 
organisms. lioppe-Seyler’s observations have frequently been 
confirmed, most recently by Wehmer and are undoubtedly 
correct. On being decomposed by pure cultures of micro- 
organisms pure cellulose does not yield humic substances. 

(2) The microbiological decomposition of cellulose and hemi- 
celluloses on the surface of and in the soil. Wherever 
vegetable debris accumulates in shallow layers, as for instance 
on the floor of forests, the microbiological decomposition of 
its cellulose and hemicelluloses and the consequent production 
of humus must be considerably influenced by the fact that free 
access of oxygen is possible throughout the layer, and that the 
possibility of any appreciable increase in the temperature of 
the debris is excluded. Neither anaerobic nor thermophilic 
micro-organisms are likely, therefoi’e, to play the iraportaiit 
role which they undoubtedly perform in the fermentation 
process of the manure heap. On the other hand, the rotting 
of vegetable matter on the forest floor, and in other places 
where a shallow accumulation occurs, offers special facilities 
for the development of fungi, and in the past these micro- 
organisms, as well as actinomycetes, have been regarded as 
the chief rotting agents under such conditions. Data referring 
to the relative importance of fungi and bacteria in the decom- 
position of shallow layers of vegetable matter were collected 
by Kamann, Remeld, Shellhorn, and Krause”''', who found 
that the decaying leaf-covering of a pine wood which had an 
undergrowth of beech showed 1,000 bacteria to 1 fungus. In 
the decayed layer, i. e. in the mould, the ratio was 100 bacteria 
to 20 fungi. In the soil immediately under the mould there 
were 100 bacteria to 257 fungi, and in the actual surface soil 
100 bacteria to 171 fungi. Taking the acidity of the decaying 
matter as 0, that of the mould was found to be OdiS to 0*98, the 
acidity of the top soil and mould mixture 0'261, and that of 
the surface soil 0*007. Where the decaying debris of a pine 
wood was covered by moss and lichen the following ratio of 
bacteria to fungi was found ; in the mould 100 bacteria to 
373 fungi, and in the soil immediately underneath ipo bacteria 
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to 389 fungi. Here the acidity of the mould varied, and was 
in one case 0-579 and in another 0-160. In the samples taken 
from the surface soil the acidity in the two cases was 0-005 
and 0-016 respectively. Where the debris of a forest soil was 
ricli in chalk the ratio was found to bo, in the mould 1,000 
bacteria to 14 fungi, and in the soil immediately uiulernoath 
10 bacteria to 33 fungi. Though the soil in this case was 
neutral, it nevertheless contained three times as many fungi 
as bacteria. That fungi are more active in the disposal of 
cellulose in tlie soil than bacteria and actinomycctea is also 
asserted by Heukelekian It should not be overlooked, 
liowover, that the bacteria considered in these experiments 
were representatives of a secondary microflora, tliat is of such 
forma as develop on ordinary laboratory media. No account 
was taken of any of the numerous types which do not thrive 
under sucli conditions, notably of the aerobic cellulose-decom- 
posing bacteria,. 

The rate of decay of vegetable debris ha, a l)een studied by 
Koatytchoff"^ who oltsorved a loss t)f 55 per cent, of dry 
matter in one year and 73 per cojit. in two years, ligurcss which 
were conlirmed by Henry 

As to tlie resulting decompo.sition products, the litm’aturo 
contains statements by Pierre Miink”", and by Stoklasa 
and Ernest indicating tliat ethyl alcoliol, acetic acid, butyric 
acid, and carlion dioxide may be formed under sucli conditions, 
or at least during the decompo.sition processes occurring in 
soil rich in organic matter. The pre.sence of tluise decomposi- 
tion products speaks for a considerable measure of activity on 
the part of bacteria. 

A study of the decay of vegetalile debris on the forest floor 
from the point of view of the formation of humus was 
undertaken by Koning partly in collalioration with Oudo- 
mans. Koning expresses the view tliat hyphomycetos are far 
more important in this respect tlian bacteria. The conversion 
of leaves into mould is ascribed by him in part to tlie activity 
of lower animals, a view previously expressed by Darwin 
for instance nematodes, lumbricides, araehnides, myriapodes*, 
&c., whicly disintegrate the debris and distribute it evenly 
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throughout the surface layer of the soil The chief decom- 
position, however, according to Koning, is performed by fungi. 
Even while living, Koning states, the leaf possesses a specific 
flora of fungi, which is suffiniently characteristic to indicate 
the age of the leaf, since it changes as the leaf grows older. 
Of the individual types of this flora Koning emphasizes the 
importance of TTichodermci Koningii, Oudeinans, which he 
finds active during the whole process of humification. It is 
said to attack both pectin and cellulose. 

Other cellulose-decomposing fungi have been isolated from 
soil by van Iterson, jr.''’’*'^, who mentions among others Sordar ia 
h.imiicola, Oudemans, Pyroncma confluens, Tulasne, Ghae~ 
tomium Kvmzemmm, Zopf, Botrytis vvlgaris, Fries, Stem- 
pli/yl^lum maGroS'poroidmim, Saccardo, and Gladosporium 
liGThwTUWt, (Persoon) Link, as special cellulose-decomposing soil 
inhabitants. ^ Speaking broadly, it is probable that 'most 
wood-destroying fungi are able to take part in the decay of 
vegetable debris accumulated on the surface of the soil, and 
can thereby assist in the formation of humus. It is disappoint- 
ing, however, that neither the statements of Koning, noi' those 
of any other investigators on the importance of fungi in 
humification piocesses, are substantiated by convincing experi- 
mental evidence. I he nearest approach to such evidence was 
brought forward by Wehmor^’''' in a recent paper on the 
conversion of wood and cellulose to humic substances by fungi. 

To some extent this lack of definite experimental evidence 
is due, no doubt, to the overrating of the importance for the 
humification processes of some micro-organisms, and probably 
also to the underrating of the significance of others, notably 
of the aerobic cellulose-decomposing bacteria. It is hardly 
justifiable, for instance, to measure, as Rullmann did, the 
importance of an actinomycete in the formation of humus by 
the similarity in the odour emanating from its cultures to 
tliat issuing from mould and soil on damp warm days in 
spring. Nor was Beijerinck justified in gauging the im- 
portance of another actinomycete by its property of forming 
quinone. Wehmer, in his investigation referred to above on 
the importance of fungi for the humification processes, appears 

p 
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to have overlooked the existence of aerobic cellulose-decom- 
posing bacteria. 

The cliief reason for the lack of definite information on the 
origin of Iiumus must no doubt bo ascribed to the obscurity of 
the chemistry of lignin and to tlie ignorance of tlio action 
of micro-organisms on tliis substance. Wehmer obviously 
realized tins, since he endeavoured to determine tlie action of 
fungi on lignin freed from cellulose. Judging by his results, 
Ins woi’k was probal)ly carried out with a sul)stancc which 
had liad its cliemical structure altered during preparation. Once 
the chemistry of lignin is understood, or at least when it is 
possible to prepare a pure lignin without any alteration of 
its structure, and once tlu'. extent is realized to whicli the 
various classes of micro-organisms are able to decomixjsc lignin 
and the degree to which they arc inhibited or accelerated 
in their growth by its presence has been established, then 
will it be ]) 0 ssible to throw light on the (juostion of th(5 par- 
ticipation (jf micro-organisms in the formation of humus and 
on tlie relative importance of cellulosi^ and lignin for this 
process. 

The earliest workers on the decomposition of cellulose in 
the soil were well aware of tlie inmumse importance of the 
subject. They were debarred from subjecting the ])rocesses 
involved to a serious study, however, by the difficulties 
involved in the isolation of tlie rosponsiblo micro-organisms. 
Surveying tlie subject of tlie dtscomiiosition of cellulose in the 
soil on the basis of present kiKiwledgo, it must he confessed 
that tliesc difficulties arc still a serious harrier against progress. 
It is true that Omelianski succeeded in isolating two anaoroblc 
cellulose-decomposing bacteria and that van Itersou opened 
the eyes of the microbiologist to the importance of tlie aerobic 
cellulose-decomposing bacteria, of which a typo lias occasion- 
ally been isolated in pure culture. But the fact remains that 
oven to-day investigators of cellulose destruction in the soil 
are compelled to study this process under conditions compli- 
cated by all sorts of side reactions which take place in tlie soil 
as a direct or indirect result of the breakdown of the cellulose. 
In the face of these difficulties what, then, has hitherto been 
achieved 1 
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It has been established (van Iterson, that both fungi 
and bacteria take part in the destruction of pure cellulose in 
the soil the former particularly when the reaction of the soil 
is slightly acid. Bradley’s investigations have illustrated 
the wide distribution of cellulose-decomposing bacteria. The 
woik ot Kellei'mami and his collaborators has made it 
highly probable that aerobic bacteria are more important in 
the disposal of cellulose in the soil than anaerobic forms. 
Groenewege has shown that the elimination of the cellulose 
may be responsible for the destruction of nitrates, owing 
piobably (Rippel to secondary reactions set up by denitrify- 
ing micro-organisms, which utilize the hexoses libei’ated during 
the destruction of the cellulose. Pringsheim has found that 
atmospheric nitrogen may be fixed by similar symbiotic 
reactions. Finally Charpentier and Bartel and Bengtsson 
have bi ought evidence to show that the presence of nitrogen, 
notably in the form of ammonia, facilitates the disposal oi; 
cellulose in neutral and alkaline soils. The beneficial action 
of farmyard manure on the decomposition of cellulose in the 
soil would appear to be explained by the work of the two 
last-named authors, that lignocellulose, in the form of straw 
for example, may replace pure cellulose in all the above 
reactions is made clear from Starkey’s investigations, which 
showed that M) pei' cent, of the I'ye straw inti’oduced into 
a fertile soil was decomposed in ten days : in acid soils the 
decomposition was less rapid. This observation that the 
destruction of lignocellulose, and presumably of cellulose, 
proceeds more slowly in acid soils than in soils of neutral 
reaction is of great importance in the interpretation of the 
origin of peat. 

In well aerated soils the microbiological decomposition of 
vegetable debris is sufficiently rapid to prevent an accumula- 
tion of organic matter, and it has frecjuently been established 
tl^at^the percentage of organic matter in arable soils remains 
low in spite of the annual introduction of large quantities of 
dead vegetable matter. Thus Cameron found an average 
of only 2*06 per cent, of organic matter in 1,340 samples of 
i\,merican soil. From this it is clear that the various micro- 

p 2 
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biological processes in which cellulose and lignocolliilose 
become involved when introduced into the soil must oliniinate 
immense quantities of these substances. Not even tlie humic 
compounds resulting from tho decay of vegetable debris are 
exempt from destruction in the soil. Tlius AgafonotF found 
only 2 '9,2 per cent, of liumus in tho soil formed on an ancient 
Gallo-Roman wall wliieli must have been about 2, ()()() years 
old. But in spite of tlio fact that humus is tlms naturally 
decomposed, it lias nevertheless not been found capable of 
supporting microbiological growth when used as a food 
aubatanco in purilied form (Koning'^“), or at least has not lieen 
found capalile of serving as a carbohydrate supply for actino- 
mycetes and fungi, winch are the micro-organisms regarded 
by Nikitinski as Vicing especially adaptiul for tho decomposi- 
tion of humus. A renewed study of the reason for the 
unsuitability of purified humus as a food substance, as well as 
of tho whole question of tlie microbiological decomposition of 
natural humus would amply rowai’d tho investigator for his 
efforts, 

Tlie fate of hemicolluloses in the soil is pi’obably intimately 
bound up with that of tlie decompo.sition of celluloso. Like 
cellulose, they undoul.itodly assist Iiotli in the liberation and 
in tho fixation of nitrogen. That they are involved also in 
the conversion of organic nitrogen into ammonia is clear from 
the presence inmost soils of memliersof tlie aninionia- forming 
and hemicollulose-decompQ.sing group of Hug, inmtihlerleva. It 
is also notewortliy that tho acid-producing hemicelluloRO- 
docomposing bacteria studied liy Pringsheim ** were obtained 
from soil and that Ikto, cmtodliylicuG used by Nortlirop and 
his collaborators for tho conversion of xylose into acetone 
and ethyl alcohol was probably a soil inlialatant, since it was 
first obtained from decaying potatoes. From these facts it is 
reasonable to assume tliat tho decomposition of hemicolluloses 
in tlie soil may lead, directly or indirectly, to tho formation of 
both organic acids and alcohols. 

Whetlier homicellulosea take part in the formation of humus 
is still a debatable question. Trusov in a recent paper denies 
this. Suzuki on the other hand finds that tlioy do, a view 
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which IS supported to some extent by the analytical data 
or Michelet and Sebelien who found 3-69 per cent, of 
pentosans and 1-74 per cent, of methyl pentosans in a humus 
preparation obtained from a Norwegian agricultural soil. 

(3) The microbiological decomposition of cellulose and hemi- 
celluloses under water. The problem of the decomposi- 
tion of cellulose and hemicelluloses under water is at least 
equal in importance to that of their destruction in the soil. 
In lakes, marshland, and canals, in tropical climates, in man- 
grove _ swamps, and in the sea of all climates, tremendous 
quantities of vegetable debris composed largely of cellulose or 
hemicelluloses accumulate and decay, chiefly through micro- 
biological activity. Very little is known of the reactions 
involved, except that marsh gas is frequently formed as 
a result of the decay. This gas at first remains entangled in 
the mud of the water bed, but eventually rises to the surface 
of the water, either as bubbles or sometimes in a continuous 
stieam. It is this gas which, when becoming spontaneously 
ignited, was known of old as the will-o’-tlie-wisp. 

The decay of vegetable matter under water is in large 
measure the result of tile activity of anaerobic micro-organisms 
and may be reproduced in the laboratory under anaerobic 
conditions, as was shown by Popoff»i and by IToppe-Seyler '’2. 
It was from mud of the river Neva that Omelianski 
obtained the first two anaerobic cellulose-fermenting bacteria 
to be isolated, Bao, methanigenes and Bac. f ossicular nm. 

I heir action on vegetable tissues decaying under water is 
evidence that organic acids, notably acetic and butyric, are 
formed under such conditions. The influence of these acids 
on the progress of the decomposition can at present be viaual- 
izied only in its broadest outlines. They become neutralized 
and are consequently unable to impede the decomposition 
whore alkaline reacting substances are present in the mud 
or in the surrounding water. When neutralized they may 
possibly be decomposed to methane and carbon dioxide by 
micro-organisms of such a type as that described by Mazd 
and isolated by him from a crude culture of cellulose-decom- 
posing bacteria. In running water they will be removed 
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partly by neutralization and partly by dilution. Under 
conditions where a neutralization or an elimination by dilution 
is excluded, for instance in stagnant water, their action on the 
progress of the decomposition must be considerable. That 
this is so can be gauged from laboratory experiments, where 
the decomposition of cellulose by Bao. metho/)iig6nes or 
Baa. fossiculariim comes to a premature standstill if the 
acidic decomposition products are not rendered innocuous by 
neutralization. Where vegetable debris becomes deposited in 
stagnant water which for some reason or other has an acid 
reaction, for instance in many peat bogs, its destruction by 
micro-organisms is therefore likely to remain incomplete 
unless other factors take part in the disintegration. 

That the decay of cellulose and hemicelluloses under water 
is not entirely an anaerobic process is clear from Issatchenko’s 
investigations. This author recently isolated two aerobic 
cellulose-decomposing bacteria from the medicinal mud of 
Lake Saki (Crimea). The organisms are stated to resemble 
those obtained by van Iterson,jr., and are thus, probal:)ly, similar 
to BpirocJiaeta cyto^ohaga. Both are claimed to take an active 
part in the formation of the medicinal slime or mud for which 
this lake is renowned. When grown in pure culture one of 
the organisms shows a whitish, and the otlier a yellowish 
growth, and both give rise to the formation of copper-reducing 
sub.stances (cellobiose?). 

Technically the decomposition of cellulose under water is 
utilized in sewage works, for the disposal of paper and similar 
cellulose-containing solid matter. In the septic tank this material 
is allowed to settle and subsequently undergoes a fermenta- 
tion process resulting in its conversion into soluble and gaseous 
products. A detailed study of the microbiological reactions 
thereby involved has not yet been carried out. 

(4) The intestinal decomposition of cellulose and hemicellu- 
loses. Pasteur®® expressed the view in 1885 that micro- 
organisms would one day be found as important in the normal 
digestive processes of the animal intestine as Duclaux had 
shown them to be in the x^reparation of suitable plant foods in 
the soil. Ten years later Nuttall and Thierfelder under- 
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took to test Pasteur’s suggestion experimentally. For this 
purpose and following Pasteur’s advice they reared aseptically 
born guinea-pigs for eight days under sterile conditions, 
feeding the animals on sterile cow’s milk, either alone or 
in a mixture with sterile biscuits. The animal fed ex- 
clusively on cow’s milk developed well, while the other 
showed a markedly smaller gain in weight than normal 
guinea-pigs of the same age. The slower growth of the 
animal fed on the mixed diet was ascribed by Nuttall and 
Thierf elder to a constitutional damage caused by the artificial 
method of birth and not to the absence of micro-organisms in 
the intestine. In fact Nuttall and Thierf elder concluded from 
their experiments that micro-organisms were unnecessary for 
the normal development of the guinea-pig. That the guinea- 
pigs when weaned, and indeed all herbivorous and omnivoi’ous 


animals, require a diet consisting chiefly or entirely of plant 
tissues, appears to have been completely overlooked by. them. 

Nuttall and fihierfe.lder’s conclusions did not long remain 
uncontradicted. In 1899 and subsequent years Schotte- 
lius w 2 ,io:i account of his classic experiments on the 

rearing of sterile chickens, a type of animal far better suited 


than the guinea-pig for the study of the importance of micro- ( 
organisms for the digestion of vegetable tissues. His experi- ^ 
ments led him to the conclusion that the presence of micro- 
organisms in the intestine is absolutely necessai’y for the 
normal development of the chicken, and that the microflora 
of the digestive tract assists in the resolution of the food 
consumed. Schottelius’s view is now generally accepted as 
true, at least for most herbivorous and omnivorous higher 
animals, and in so far as this flora supplies enzymes which are 
essential for the digestion of the food and are not produced by 
the animal itself. It should be pointed out, however, that 
MotchnikofF and his collaborators have demonstrated that 
species of mammals exist, such as the large fruit-eating bat 
{Pteropus mediu8), in which the microflora of the intestine is 


numerically insufficient to take part in the digestion of the 
food. But in such cases the amount of faecal matter produced 
is very high in proportion to the amount of food consumed. 



216 MICROBIOLOGICAL DECOMPOSITION PROCESSES 

In 1882 — long before Schottelius’a investigations — 
Tappeiner^®^'’ had associated micro-organisms with the intestinal 
decomposition of cellulose, a name whicli at that time comprised 
cellulose, hemicelluloses, and pectin. From his investigations 
of the gases produced in the alimentary canal Tappeiner came 
to the conclusion that cellulose maj^ be decomposed during 
digestion by two different types of organizied ferments (miero- 
organisms), one active at alkaline reactions and yielding 
hydrogen and carbon dioxide, and the other producing methane 
and carbon dioxide at acid reactions. In both cases fatty 
acids, notably acetic and butyric acids, were found by 
Tappeiner as further decomposition products, and from this 
he concluded that the nutritive value of cellulose was limited 
to the value of these fatty acids. Of the two fermentations, 
Tappeiner regarded the methane fermentation as tlie domina- 
ting cellulose decomposition process, occurring chiefly in the 
paunch and to some extent also in the large intestine and in 
the lower part of the small intestine, of those ruminants 
which he investigated. 

The efforts of workers in this field during tlie three decades 
following Tappeiner’a publications were centred on deciding 
the question of whether micro-organisms alone are responsible 
for the digestion of cellulose in the intestine, or whether they 
do so in collaboration with enzymes secreted by the alimentary 
canal, on determining the seat of tins decomposition, and on 
measuring the nutritive value of cellulose. Tliat the decom- 
position of cellulose is due solely to the activity of micro- 
organisms can now be regarded as definitely proved, thanks 
chiefly to the investigations of Ellenberger and his collabora- 
tors wo, of ScheunertwT, and von Hoesslin and Lesser 
Though enzymes are not, therefore, to be regarded as mainly 
or solely responsible for the digestion of cellulose, as had been 
suggested by Holdefleiss ws, must be admitted that they may 
have an action on cellulose. Thus Knecht^’" observed that 
bleached cotton hairs soaked for some time in human saliva 
retained aniline dyes better than untreated hairs. 

The seat of cellulose fermentation in herbivorous and 
omnivorous animals has been allocated by Ellenberger and his 
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collaborators to the paunch (where present), to the caecum, 
and, to some extent, to the ilium and the colon. 

The work carried out to determine the nutritive value of 
cellulose has established that it is almost equal in this respect 
to starch, provided it is not present in heavily lignified form, 
such as winter straw or wood (Kellner and others In the 
case of crude fibres such as winter straw and wood, the 
material requires a preliminary digestion with alkali, a treat- 
ment which was of great practical importance in Germany 
during the world war (Pringsheim ^•*). From the fact that 
cellulose under favourable conditions possesses a high nutritive 
value, it is clear that its utilization by the animal is independent 
of the fatty acids produced during its decomposition, and is 
probably due, as has been suggested by Pringsheim and by 
Khouvine to the formation of soluble carbohydrates such as 
cellobiose and glucose as decomposition products. 

While the problem of the digestion of cellulose has thus 
been made considerably clearer in several directions, the 
question of the micro-organisms engaged in its decomposition 
is almost as unexplored to-day as it was at the time of 
Tappeiner’s publications. This is due to the many difficulties 
which are met with in attempting to isolate these micro- 
organisms. It must bo regarded as an important step forward 
that Henneberg in order to avoid these difficulties, recently 
undertook to study the intestinal flora microscopically, 
especially from the point of view of the destruction of cellulose, 
hemicelluloses, and pectin. 

On closer consideration such investigations as Henneberg’s 
may be found to give a somewhat distorted picture of the 
microflora engaged in the decomposition of vegetable tissues 
in the intestine. But their value is not to be sought in 
a correct enumeration of the various intestinal cellulose- 
decomposing micro-organisms, but rather in the stress they 
lay on the benefit which the investigators of this problem may 
derive from a microscopic examination of the intestinal 
content, particularly of the vegetable tissues in process of 
resolution. In such tissues certain types of micro-organisms 
are often found in almost pure culture and under conditions 
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which make it possible to draw conclusions as to the part they 
play in the resolution of the vegetable tissue. More care tlian 
is shown by Henneberg is necessary, however, in framing 
conclusions. It is thus hardly justifiable to conclude that one 
of the organisms described as a cellulose decomposer is so 
because it is found in considerable numbers in cavities pro- 
duced by the activity of its enzymes in vegetable tissues such 
as bean pods, which are known to bo composed largely of 
hemicelluloses (Schulze and Pfenninger The fact that in 
its morphology, its staining reactions, and its property of 
fermenting starch it resembles the pectin-decomposing BaC: 
amylohacier group should have been sufficient warning against 
describing it as a cellulose decomposer without further 
evidence. It should be mentioned also that Ilenncberg’s 
statement that most of the cellulose-decomposing organisms 
found in the intestine are iodophil, that is, can be stained blue 
or purple with iodine, disagrees with all previous olisorvations 
of the staining properties of cellulose-decomposing micro- 
organisms. Thus, Omelianski^” asserts in his account of 
Bac. methanigenes and Bcw. fossioakirum that these types arc 
not stained blue or purple by iodine, a point which ho 
emphasizes as particularly important. 

Nevertheless, Henneberg’s method of analysis is undoubtedly 
a very valuable one when used with discretion, and the micro- 
scopical study of the intestinal content of a cellulose-digesting 
animal fed on fibres of pure cellulose would do much to 
enrich existing knowledge of the microflora responsible for 
cellulose decomposition in the intestine. The observations so 
far made on the subject may be summarized by stating that 
tissues entering the alimentary canal are attacked by a large 
variety of micro-organisms, including actinomycetes, some of 
which can be recognized as pectin decomposers, and others, for 
instance the Bac. mesentericus forms, as hemicellulose fer- 
menters. The presence of types resembling Jkte. nietJumigenea 
has also been established. 
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CHAPTER IX 


ENSILAGE AND SPONTANEOUS HEATING OF 
PLANT MATERIALS 

Preparation o£ silage. — In many localities wliere green 
fodder cannot be converted into hay and where root crops 
are difficult to procure, a succulent cattle food may be prepared 
by converting the green fodder into silage. In the process of 
ensilage the green fodder is stacked or placed in a pit, either 
whole or after preliminary cutting, and is then allowed to 
undergo a spontaneous fermentation in the absence of oxygen. 
To prevent the access of oxygen the plant material is com- 
pressed after stacking, either by mechanical means or by 
loading with a layer of soil. This pressure i>s sufficient to 
cause the water contained in the plant material to penetrate 
the whole stack or pit uniformly and to render the green 
fodder water-logged. This, in addition to the absence of 
oxygen, ensures that the fermentation proceeds on the desired 
lines and is completed before the cellulose and most of the 
hemicelluloses of the plant tissues have been destroyed. This 
is essential, since it is largely on the content of these poly- 
saccharides that the nutritive value of tlie linislied silage 
depends. Judging from Hansson’s^ investigations, both the 
cellulose and hemicelluloses appear to be acted upon during 
the fermentation, since badly or insufficiently fermented 
silage was found by him to have a much lower nutritive 
value than properly fermented silage. 

During fermentation the temperature of the plant material 
rises somewhat, especially when oxygen gains access. In 
such cases temperatures of 45 to 50° 0., or even higher, may 
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be reached (Grifiiths but these are undesirably high. 
Normally the fermentation is conducted between 25 and 45° C. 

Depending on the condition of the plant material used 
and also on the method of its packing, Amos and Williams ® 
distinguish five types of silage. 

Siveet silage is of a dark brown colour, and is obtained by 
loosely stacldng wet or faiidy fresh material in comparatively 
shallow layers. In such material oxygen is not entirely excluded, 
and the temperature, therefore, rises during the ensuing fermenta- 
tion to 45 or 60° C. This type of silage, though palatable, is stated 
to have a comparatively low feeding value owing to the loss of 
nutrients incurred through the excessive heating. 

Acid, light hroivn, or gelloio-hroivn silage is formed when the 
temperature is maintained between 30 and 0. by packing the 
material more closely and in thicker layers. The crops used for 
this type of silage should be moderately mature, and so far wilted 
that their moisture content amounts to about 70 per cent. This 
type of silage is eaten greedily by stock and has a high nutritive 
value. 

Green fruity silage is produced in tower silos from crops cut in 
the earlier stages of maturity, that is, at the time of flowering or of 
seed formation. The plant material is ensilaged before withering 
and is packed closely to prevent the temperature rising higher than 
34° 0. during fermentation. This silage is relished by stock and 
has a high digestibility. On account of its freshness, however, 
a considei’able amount of its feeding value is lost in the liquids 
draining oft' during and after fermentation. 

Sour silage is prepared from immature and succulent plant 
materia], or from crops which have been heavily soaked by rain 
after cutting. It is not a particularly good cattle food. 

Musty silage, a type of silage in which fungi would appear to 
have largely replaced bacteria during fermentation, is of little or 
no value as a cattle food. 

The time taken to convert green plant material into these 
various types of silage is not given by Amos and Williams, 
but judging by tlie work of other investigators ensilaging 
takes from 30 to 60 days to complete. 

As may be gathered from the above account of Amos and 
Williams's work, the finished silage may have either a neutral 
or an acid reaction, depending in large measure on the 
amount of oxygen which gained access to the plant material 
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during fermentation. The neutral or slightly acid types 
consist of wet, brown, or almost black, compounds, still 
retaining the complete structure of the now brittle plant 
tissues of which they are composed. In appeal ance they 
strikingly resemble samples of young peat. Both the sweet 
and the acid types or silage may be preserved unimpaiied 
for years without undergoing further decomposition, always 
provided that oxygen is excluded. 

In addition to the cellulose and the hemicelluloses, of the 
latter of which about 15 to 20 per cent, is destroyed during 
fermentation (Peterson, Fred, and Verhulst'^), silage retains 
the lignin content of the original material, though perhaps 
partly converted into humus, the presence of which was 
reported by Russell® in the samples of silage studied by him. 

The original nitrogen content, though probably not diminished 
quantitatively, undergoes a decomposition during ensilage by 
which part of it becomes converted into peptones and amino- 
acids. Swanson and Tague® found about one-third of tlio 
original protein converted into amino-acids in silage prepared 
from lucerne, and Edin and Sandberg'^ found that 10 to 20 
per cent, of the total nitrogen of good silage was present 
as ammonia, and 22-8 to 45 per cent, as amino-acids and 
peptones. 

The soluble carbohydrates originally present in the plant 
material are lost during ensilaging according to Russell ® and 
to Lamb ®, and any starch present probably disappears also. 
In their stead pentoses are formed from the pentosans and 
other hemicelluloses, and these may be found in tlie finished 
silage (Peterson, Fred, and Verhulst^). Most silage samples 
contain small amounts of alcohols, the nature of which lias 
not been definitely established. They are regarded generally 
as consisting principally of ethyl alcohol, though it is 
probable, as Burrill® suggests, that higher alcohols are 
present also. Even acetone may perhaps be present, since 
some pentose-fermenting bacteria, e. g. Bao. C(/Getoethijlie%Ls, 
Northrop produce this substance. 

The alkali solubility of the finished silage is very high, 
The dark brown colour can be largely extracted by boiling 
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silage with dilute solutions of an alkali. On neutralization 
of this solution a precipitate is formed showing the properties 
and characteristics of natural humic compounds (Eussell 
The fermentation process to which plant material is 
subjected during ensilage has been variously ascribed to the 
action of enzymes produced by the living cells of the plant 
tissues and to the activity of micro-organisms, and a good 
many investigations have been carried out to settle the 
relative importance of the two agencies since the date when 
the preparation of silage became an important agricultural 
process. The earliest workers, among them Burrill Griffiths^, 
and Emmerling were on the whole inclined to accept the 
view that micro-organisms were entirely or at least chiefly 
responsible for the changes in the plant material undergoing 
ensilage. But subsequent work, for instance that of Russell ® 
and of Samarani ascribed all the essential changes to the 
action of the plant enzymes present in the accumulated 
tissues and allotted to mi<?ro-organisms only a purely secondary 
role. During the last fifteen years or so this view has again 
been abandoned in favour of an explanation which concedes 
to micro-organisms an important part of the reactions, while 
still allowing that under normal conditions plant enzymes 
may bo active during the early stages of fermentation. 
This view is adhered to by Jones and Gibbard^'^ and by 
Lamb ^ among others. Jones and Gibbard, who undertook 
a study of the changes occurring in the numbers of micro- 
organisms present in sweet clover undergoing ensilage, found 
that the bacteria developing on ordinary agar increased in 
number from 30 millions per gramme of material before 
fermentation to a maximum of 260 millions on the fourteenth 
day of ep-silaging. Subsequently their numbers again decreased. 
The increase was found to be chiefly due to an increase in the 
acid-producing and acid-tolerant types, such as Bact. hulgari- 
cum and related organisms, the number of which rose from 
9 millions per gramme to 200 millions per gramme on the 
fourteenth day. The gelatine-liquefying forms, regarded 
by Jones and Gibbard as identical with putrefying types, 
decreased steadily in numbers dpring ensilaging from 

Q ( 
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8 millions to half a million on the twenty-first day of the 
fermentation. 

In most of the silage samples examined Jones and Gibbard 
found no yeasts. In some samples yeasts were present in 
small numbers, the largest being 110,000 per gramme of 
silage on the third day of fermentation. After the tenth 
day no yeasts could be found in any of the samples. I his 
observation is interesting in view of Esten and Masons^'* 
statements that large numbers of yeasts are found in silage 
and that they are responsible for the production of at least 
part of the alcohol present, a view which has been accepted 
by Lamb as late as in 1925. Hunter on the other hand, 
had emphasized a few years before J ones and Gibbard s 
investigations were published that the yeast found in silage 
took little part in the fermentation, except perhaps during 
the first two days. And Burrill**, in one of tlie earliest 
studies on ensilaging, remarks that the yeast found in silage 
does not produce alcohol, but belongs to the Mycoderma 
group which oxidizes organic acids. 

Fungi were very sparsely represented in the silage samples 
investigated by Jones and Gibbard. While no less than 
seventeen species of such micro-organisms were isolated from 
the clover material used, only one, Oidium ladw^ was found 
in the fermenting samples, except in the case of the top 
layer of the heaps, which could not be regarded as typical. 
The highest numbers of Oidium were registered between the 
fifth and the tenth day of fermentation, after which they 
gradually decreased until by the twentieth day the fungus 
was only found in two samples. 

Large numbers of micro-organisms have also l)een reported 
present in silage by Sherman^'’ and by Larnb^ the latter 
recording an increase of- twelve times the original number 
during the first nine days of fermentation. Laml)’s investiga- 
tions, which were undertaken to determine the relative 
importance of micro-organisms and plant enzymes for the 
conversion of green fodder into silage, are particularly 
interesting because of the unorthodox manner in which the 
solution of this problem is sought. Instead of studying the 
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fermentation on material in which the plant enzymes had 
been previously destroyed, or on material rendered sterile by 
the addition of antiseptics, the two standard methods hitherto 
used for the study of the silage fermentation, Lamb determines 
the ratio of production of several of the decomposition products 
formed during the fei'mentation, and compares their curves 
with the similarly constructed reaction curves of typical plant 
enzymes and of those of typical microbiological reactions, on 
the basis of Rahn’s^'^ observations on such curves. This 
comparison leads Lamb to the conclusion that micro-organisms 
are chiefly responsible for the production of acids and alcohols, 
and the consequent disappearance of soluble carbohydrates, 
though he concedes that some alcohol may be formed by plant 
enzymes during the early stages of the ensilage process. The 
protein of the plant material, according to Lamb, is fii'st 
attacked and hydrolysed by plant enzymes, a reaction which 
is continued later by micro-organisms. The evolution of 
carbon dioxide is a joint action of plant enzymes and of 
micro-organisms, while the latter are chiefly responsible for 
the rise in temperature of the fermenting plant material. 
The views of Jones and Gibbard, and of Lamb, that micro- 
organisms are largely responsible for the changes, appear to 
be entirely justified, when their number and variety, and 
their increasing development during fermentation are taken 
into account. 

Though the question of the relative importance of plant 
enzymes and micro-organisms may now be regarded as settled, 
there are still many microbiological problems to be solved in 
connexion with the preparation of silage. It is still necessary 
to establish, for instance, what changes are suffered by the 
cellulose, the pectin, and the gums present, a subject on which 
nothing is known. The function of the hemicelluloses must 
also be more thoroughly investigated and a detailed analysis 
undertaken of that part of the microflora which does not 
develop on ordinary laboratory media. Even with these 
questions answered there still remains unexplained the 
increased feeding value, of the cellulose of the plant tissues 
after fermentation, a problem which may be connected with 

Q 2 
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changes in the lignin present. Further work is also required 
to determine whether nitrogen is lost during tlie fei mentation, 
a question raised by Emmerling'^^ and, if so, by what means 
such loss can be prevented. 

Some work on the changes suffered by the lieniicelluloses 
has already been carried out in the United States. It was 
mentioned that Petenson, Fred, and Verhulst found that 
15 to 20 per cent, of the pentosans of the plant material 
was destroyed during the fermentation, probably, as they 
suggest, through microbiological activity. In a further 
publication Fred, Peterson, and Anderson ' report that 
Bacterium lactipentoaceticum plays an important part in 
the ensilage of maize by increasing tire amount of alcohol 
and volatile acids formed. Apparently this organisirr has 
an inhibitory influeirce on other lactic acid-producing bacteria, 
since the American autliors find that the total yield of lactic 
acid is diminished in its presence. 

The question of the reactions of sour silage lias been studied 
by several investigators. Jones and Gibbard state that the 
hydrogen ion concentration of the sweet clover wliich they 
used in their experiments was 6-7. On the seventh day of tiro 
fermentation the acidity had increased to pH 4-9 and on the 
fourteenth day to pH 4-6. The highest acidity reached in 
their experiments was equal to a pH of 4'4, a figure which is 
unlikely to be exceeded in any silage fermentation. Edin and 
Sandberg ^ found that the total acidity of tlieir silage samples 
varied between 0-93 and 2*34 per cent., and that the lactic 
acid concentration varied between 0 and 1*90 per cent. 
Swanson and Tague " recorded an acidity of between 2 and 
3 per cent,, calculated as lactic acid. In good silage Edin and 
Sandberg found no butyric acid, while tlie lactic acid concen- 
tration did not fall below per cent. On an average the 
ratio between the concentration of volatile and lactic acid was 
found by them to be 1 : 0-88, with a variation between the 
ratios of I’O : 1’77 and 1*0 : 0*44. In Swanson and Taguo’s 
pamples, 25 per cent, of the total acids consisted of volatile 
acids where the raw fibre content of the plant material was 
high. The bulk of these volatile acids, according to most 
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statements, appears to be acetic acid, which is sometimes 
(Samarani regarded as an oxidation product of the alcohol 
present, but is more likely to be the result of the activity of 
pentose-fermenting bacteria (Fred, Peterson, and Devonport 
The presence in silage of propionic and butyric acids has been 
reported by Sherman He and most other investigators 
attribute the production of lactic acid to members of the 
Bact. hulgaricum group, bacteria which ferment hexoses only 
and must, therefore, break down the bulk of the soluble 
hexoses present in the plant tissues in order to account for the 
comparatively high percentages of lactic acid in sour silage. 
But since appreciable quantities of alcohols are also claimed 
to be derived from this source, it is probable that at least part 
of the lactic acid may be formed from pentosans, a view which 
is supported by Fred, Peterson, and Anderson’s investigations. 

The evolution of carbon dioxide is a marked feature of all 
silage fermentations. The production is associated by Lamb 
with enzymatic activity of both plant tissues and micro- 
organisms, and very likely involves a destruction of hemi- 
celluloses. 

Alcohol production, which Esten and Mason as well as 
Lamb attribute to the activity of yeasts, is more likely to be 
the result of the action of bacteria, and may be due to the 
activity of pentose-fermenting bacteria related to Baa. aceto- 
ethylicus, Northrop 

The evolution of heat, which is now ascribed to the activity 
of micro-organisms, is probably not characteristic for one 
single type, though the members of the aerobic soil bacilli, 
Bcig. subtilia and Bao. mycoides, which have been reported as 
present in silage by Emmerling^b active in this 

respect. If so, hemicelluloses would also be involved in this 
reaction. 

Of the changes suffered by cellulose and pectin during 
ensilage nothing is known. Pectin decomposers in the form 
of Clostridium and Granulohacter have been reported by 
Emmerling Bac. subtilis and Bao. mycoides may also be 
active in the disposal of this substance, though this is unlikely 
after anaerobic conditions have become firmly established. 
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From this very incomplete outline of the microbiology of 
silage it will be seen that fungi take little, if any, part in the 
ensilage process. Their activity is probably restricted under 
normal conditions to the surface of the silage heap where 
oxygen is available. 

Of the activity of actinomycetes, which are undoubtedly 
present in the raw material and in the silage (Schiitze 
nothing has yet been established, A study of silage on the lines 
suggested by Henneberg^^ for the investigation of the intestinal 
microflora would be of great value in throwing light on the 
importance of both fungi and actinomycetes in the normal 
progress of the ensilage process. 

It remains to point out that Griffiths ^ isolated from silage, 
and named two thermophilic bacteria, Bac,. themvicus and 
Bac. valerious, which he considei'ed capable of converting 
plant tissues into sweet silage. Both types develop at tem- 
peratures as high as 60° C., which may be established by 
packing the plant material sufficiently loosely to admit oxygen 
to the heap. The description given by Griffiths of these 
micro-organisms is not detailed enough to show whether 
Bac. thermiciis and Baa. vcderious decompose pectin, liemi- 
celluloses, or perhaps even cellulose, and both these and other 
thermophilic types which may very likely bo p)'osent i]i silage 
require renewed investigation. 

Since this chapter was begun an interesting account of the 
principal changes which take place in tlio pi'oparation of silage 
has been published by Peterson, Idaatings, and Fred Tdieir 
experiments were conducted in a specially built silo filled with 
high-grade maize stalks. It was found that the oxygen 
present disappeared completely during tlic first live hours 
after the filling of the silo, and that the carbon dioxide 
increased rapidly during the first 48 hours, when it amounted 
to 65 per cent, of the total gases evolved. No hydrogen or 
hydrocarbons could be detected. During the first fifteen 
days of fermentation the temperature of the material rose 
7° 0. near the bottom and 20° 0. near the top. From this 
maximum it fell, but even after 70 days it was still above 
normal. During the first 48 hours the number bt bacteria 
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increased rapidly and with them the methyl and ethyl alcohol 
content and the lactic acid concentration. Of the types of 
bacteria found, the pentose-fermenting lactic acid-producing 
types were in a majority. The yeast types, on the other hand, 
diminished rapidly in numbers after the first day. 

A chemical analysis showed that 10 per cent, of the total 
dry matter, 25 per cent, of the pentosans, and 25 per cent, of 
the starch present had disappeared at the end of four months. 

Of particular interest is the statement that sterilized maize 
stalks inoculated with Bact. lactipentoaceticum yielded a 
silage similar in composition to normal silage. 

The spontaneous heating of hay. — When hay or other plant 
material is loosely stacked before it has become dry, it shows 
a tendency to heat or sweat, a phenomenon which in extreme 
cases may result in its spontaneous ignition. As in the case 
of ensilaging, the reactions involved have been ascribed to 
microbiological, plant physiological, and chemical agencies, 
but in spite of statements to the contrary available evidence 
undoubtedly favours the explanation that micro-organisms are 
responsible for most of the earlier stages of the reactions. 
Miehe 2'*, who undertook a comprehensive study of the phe- 
nomenon, came to this conclusion, and Haldane and Makgill 
in a later publication confirm this view after due consideration 
of the evidence brought forward by Boekhout and de Yries 
in favour of a chemical explanation, and of Tschirch’s^" 
suggestions, attributing the heating to the activity of oxydases 
and reductases secreted by the plant tissues. 

Miehe made his observations partly on a large hayrick of 
specially damp hay constructed for the purpose, and partly on 
small samples of hay contained in suitable vessels so designed 
as to prevent loss of heat by radiation. In the rick Miehe 
found that the temperature started to rise shortly after the 
construction of the rick, and on the third day it had reached 
57-5° C. at a depth of 185 cms. Nearer the surface, to a depth 
of about 20 cms., only slight temperature changes occurred, 
and here the maximum never exceeded 32° 0., though the 
centre of the rick reached . 68-5° 0. on the fifth day, and 
remained at that level until the seventh day. After that time 
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the temperature dropped, hut did not fall below 50 C. until 
a month after the construction of the rick. Generally speaking 
the temperature increased steadily towards the centre of the 
heap, provided its moisture content was uniform. Where the 
material varied in this respect a number of centres of maximum 
temperature occurred in the interior of the rick, associated 
with the damper layer of plant material. This observation 
had previously been made by Diiggeli 

The chemical changes which the plant material sulfered 
during heating in Miehe’s experiments comprised a gradual 
loss of moisture, the water escaping as visible vapour. Ihese 
losses sometimes proceeded far enough to reduce the moisture 
content of the heated plant material to 60 per cent, of that 
usually held by dry haj?". 

Of the carbohydrates present in the hay the pentosans lost 
about 40 per cent, of their original weight. The total niti’ogon 
was reduced, in some cases to the extent of 50 per cent., though 
the protein present was little affected, an observation which 
does not seem to agree with what occurs in the preparation of 
silage. The breakdown of the carbohydrates resulted in the 
formation of butyric, acetic, and probably formic and lactic 
acids, and in the evolution of carbon dioxide. Methane and 
hydrogen were not observed in measurable quantities. 

From the heated hay Miehe isolated several micro-organisms 
with which he was able to reproduce spontaneous Iieating in 
samples of sterilized hay. The two most important types 
were named Jkwt coli forma foenicola and Bao. calfaetor, 
the former causing the preliminary heating during which 
the temperature of the hay rises to 40° C. At 49° G. Bac. 
calfactoT, which does not grow at 30° 0., developed rapidly 
and by its activity increased the tempei'ature to between 70° 
and 75° 0. 

The biochemical reactions of Bact coli iovmii foewicokt and 
of Bac. calfaetor, and particularly their action on pectin, hemi- 
celluloses, and cellulose, still remain to lie studied, Miehe 
apparently having limited his investigations to a determination 
of their participation in the production of heat. Both of these 
bacteria are normally present on hay, and may be isolated 
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from this material; Bac. calf actor, by incubating a hay infusion 
at 60° 0. 

In addition to these forms Miehe isolated from spontaneously 
heated hay a thermophilic actinomycete related to AcMnomycea 
monosporm, Schlitze^'’, but forming white instead of green 
spores. Fungi were represented by an Oidium species, 
Thermoidi'iim sulphureum (Miehe two Mucor species, 
Mucor pusill-us and Miicor corymbifer, an Aspergillus, 
Aspergillus fumigatU'S, and a higher ascomycete, Thermoascus 
aurantiaeus (Miehe In no case were the biochemical 
reactions of these eumycetes investigated. It is probable, 
however, that they take part in the decomposition of either 
pectin or hemicelliiloses, and perhaps, in the case of some of 
them, in the destruction of the cellulose of the plant material. 

It is interesting to note that Bac. calfactor, though develop- 
ing at temperatures up to 74° C., does not remain alive either 
as spores or as vegetative cells in the interior of a hayrick 
whicli has retained a temperature of 65° C. for a month. Not 
even the spores, therefore, of this thermophilic micro-organism 
can withstand for any prolonged time the temperature at 
which protein usually coagulates. 

The actual ignition of a heated hayrick is not the work 
of micro-organisms, but is due, as Miehe and Haldane and 
Makgill have observed, to the rapid absorption of oxygen by 
the hay after its prolonged heating and consequent di-ying. 
It should bo emphasized also that Miehe does not deny the 
participation of plant enzymes in the early stages , of the 
heating of a hayrick or other accumulations of living plant 
cells. But this agency, according to him, does not increase 
the temperature above 40° 0. 

In discussing the information available on the microbiology 
of ensilage it was pointed out that much work has still to be 
done before the reactions involved can be regarded as under- 
stood. The same may be said of the spontaneous combustion 
of hay, an analogous process which occurs partly under aerobic 
conditions instead of the more or less strictly anaerobic con- 
ditions of the silage fermentation. 

The elucidation of these processes is by no means as unim- 
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portant from a practical point of view as might appear at first 
sight, since the spontaneous heating of accumulated plant 
material is frequently utilized industrially. The fermentation, 
for instance, of tobacco, of the cacao bean, and of^ the coffee 
bean are processes of a similar nature, the economic importance 
of which need not be stressed. 

The fermentation of tobacco.— In the process of tobacco 
fermentation the dried (cured) leaves are placed in heaps larp 
enough to prevent a rapid loss of heat by radiation. A suit- 
able size for a heap is from 60 to 120 cms. square by 120 to 
180 cms. high (Smitz The moisture content of the Iieap 
should reach 20 to 25 per cent, and an excessive drying during 
curing, which has reduced the moisture content below this 
figure, may therefore necessitate spraying the heap with 
water. 

A properly constructed heap will show a rise of temperature 
to 48° C. or even 70° C. in two to four days. This rise indi- 
cates that the fermentation has set in. When the optimum 
temperature has been reached, a point which varies with the 
type of tobacco required, a further rise of temperature must 
be prevented. This is done, after three to four days fermenta- 
tion, by opening up the heap and rebuilding it in such a way 
that the leaves previously on the surface are moved to the 
centre and the centre leaves to the top. Ihe repacking has 
usually to be repeated from five to ten times at intervals of 
seven to eight days. 

As a result of the fermentation the leaves become darker in 
colour and acquire the desired flavour through changes involv- 
ing the pentosans (Boekhout and de Vries*'"), the gums, the 
starch, the glucosides, the fats and the proteins (Oosthuizon 
and Shedd*!!). The total loss of dry matter, according to 
Oosthuizen and Shedd amounts to from 4 to 5 per cent. 
The same authors state that gases, the nature of which is given 
by Boekhout and de Vries as carbon dioxide, are given oil 
during fermentation. 

On the above facts most investigators agree, but beyond 
this point the views of the various authorities are difficult to 
reconcile. One school, represented in the more recent literature 
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by V ernhout and by Koning regards micro-organisms 
as chiefly responsible for the changes. Another, represented 
among others by Loew and by Oostimizen and Shedd 
attributes the fermentation to enzymes contained in and 
produced by the tobacco plant, while a third school, Jensen 
Cohn and Jensen and Boekhout and de Vries denies the 
activity of either micro-organisms or enzymes and regards 
inorganic catalysts (Boekhout and de Vries), such as the iron 
contained in the leaves, as the chief agent of the fermentation, 
accelerating not only the oxidation of the carbohydrates, but 
also the saponification of the glucosides and the fats, and the 
proteolysis of the proteins. The chief argument of this last 
school is that the changes in the tobacco leaf can take place 
in the presence of antiseptics such as chloroform, and at tem- 
peratures as high as 100° C., under conditions in which neither 
micro-organisms nor enzymes would be capable of acting. 
Though undoubtedly serious, these objections cannot invalidate 
the possibility of the participation of either micro-organisms 
or plant enzymes under natural conditions, where such extreme 
conditions do not exist, and where in fact the high tempera- 
tures are distinctly dangerous. 

The school, particularly Loew which attributes all the 
changes occurring during fermentation to plant enzymes, 
advances as an objection against the participation of micro- 
organisms the fact that the moisture content of the fermenting 
heap is too low for growth, and that the tobacco leaf is an 
unsuitable nutrient medium for the development of micro- 
organisms. The first of these objections no longer holds good 
(see Chapter XI), and the second is hardly more convincing, 
since a luxuriant growth of a variety of micro-organisms may 
be obtained on tobacco which has been stored damp. 

Though it must be admitted that micro-organisms can 
develop in fermenting tobacco under natural conditions — and 
the ' thousands of colonies ’ obtained, by Koning from a small 
piece of leaf confirms this — the authorities who advocate the 
importance of micro-organisms have unfortunately not yet 
advanced convincing evidence to show that the types isolated 
by them, types which resemble those bacteria isolated by 
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Miehe^^ from spontaneously heated hay, are essential for the 
changes which occur in the leaves during fermentation. 

The whole question of the fermentation of tobacco, and o * 
the equally important problem of the destruction of fermente . 
tobacco in storage, undoubtedly requires renewed investigation. 

The fermentation of the cacao and the coffee l>6an. 
Whether the fermentation to which the cacao and the cottee 
bean are subjected after gathering involves the decomposition 
of cellulose, hemicelluloses, or pectin is another question which 
requires elucidation. That the changes wrought in these cases, 
or at least in the case of the cacao bean, which has been most 
carefully studied, are essential (Knapp and are a,ssociated 
with the activity of micro-organisms (Preyer and Nicholls J, 
is beyond doubt; though opinions are not lacking (Loew'^ 
Schulte im Hofe Fickendey and Brill that the responsi- 
bility rests solely with the activity of plant enzymes contained 
in the pulp surrounding the fresh beans. 

In the case of cacao — coffee has as yet hardly been studied 
the fresh beans embedded in a sweet pulp are placed in fer- 
mentation boxes immediately after removal from tlie pods and 
are there allowed to undergo a fermentation process, which 
causes the temperature of the mass to rise to 45° C. or even 
50° 0. As in the case of fermenting tobacco leaves, an exces- 
sive production of heat is counteracted by freipient tranaior 
of the heated mass to fresh boxes. As a result of tlio fermen- 
tation the embryo of the bean is killed, the pulp rendered 
easily removable by washing, and the tannic substances present 
oxidized and converted into insoluble compounds. At the 
same time the characteristic flavour .of the cacao bean is 
developed or enhanced. The fermentation takes from one to 
nine days to complete according to the typo of bean used. 

Since Preyer’s investigations the yeasts found, sucli as t^ao- 
charomyces theobromae, have been regarded as the responsible 
'micro-organisms, perhaps in conjunction with acetic acid- 
producing bacteria (Nicholls). Other forms, however, are un- 
doubtedly associated with them, since the liquid which drains 
from the fermenting mass has been shown to contain both 
lactic and butyric acids, in addition to acetic acid and ethyl 
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alcohol. Nor is it likely, as Knapp points out, that the 
yeast forms present constitute the chief microflora, at least 
in the later stages of fermentation when the temperature rises 
much beyoud that usually suitable for these eumycetes. 

Just as the tobacco fermentation shows analogies to the 
spontaneous combustion of hay, so do the cacao fermentation 
and perhaps the coflfee fermentation resemble the silage 
fermentation, and much light could undoubtedly be thrown 
on both of these processes if they were considered from that 
point of view. 
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CHAPTER X 


PEAT AND COAL 

It is now universally conceded that peat, lignite, and. all 
types of coal owe their origin to the accumulation and decay 
of vegetable debris and that these fuels represent so many 
stages in the progressive eai'bonization of plant tissues. 

In an interesting treatise by White and Thiessen ^ on the 
origin of coal, Thiessen summarizes his microscopical obser- 
vations in the following sentences ; ‘ All coal was laid down in 
beds analogous to the peat beds of to-day. All kinds of plant's, 
especially such species as were adapted to the particular region 
wheie the deposit was located in whole or in part, went into 
the deposit. . . . At the death of the plants, governed by 
conditions imposed in the bog, a partial decomposition, macera- 
tion, elimination, and chemical reduction began, brought about 
by various agencies. . . .’ 

If this statement may be taken as essentially correct, and 
to-day nobody seriously opposes it, an account of the part 
played by micro-organisms in the production of peat would be 
a description also of their participation in the formation of 
lignite and coal and possibly also in the formation of mineral 
oil, whicli some authorities consider to bo derived from 
vegetable matter. 

An investigation of peat from this point of view has un- 
fortunately not yet been undertaken, and those interested in 
the microbiological aspect of the formation of coal and other 
solid and liquid fuels of past ages have consequently been 
compelled to base their deductions either on direct observation 
of signs of microbiological activity in the fuels, or on a com- 
parison with microbiological processes occurring in already 
studied types of decay of vegetable debris. It is from the 
lattei point of view that an attempt will be made in the 
following pages to throw light on the question of the partici- 
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pation of micro-organisms in the formation of peat and 

consequently of lignite, coal, and oil. ^ 

Before doing so an outline will he given of the conditions 
under which vegetable debris accumulates to form peat and 
coal. Readers interested in a detailed study subjec 

are referred to the standard text-books, and to the lucic 
expositions of White and Thiesseni and of Stopes and 

Wheeler 

The plant debris, according to Stopes and Wheeler, may 
have accumulated : 

In sea iuater, and been derived from : „ , „ , , , n , 

fl) Drifted land material which had travelled far and therefore 
had bLme waterlogged. The material in this case might have 
consisted of: 

(«) tree trunks and logs ; 

(h) floating islands of various plants growing entangled. 

(2) From higher algae, seaweed, forming a shore accumulation. 


In braclcish luater, and been derived from . , , . « , i 

(1) Material growing in situ, for instance the debris of coastal 
forests and mangrove-like swamps ; 

(2) material growing in low-lying swamps and bogs j 

(3) partly from such material in addition to material drilted 

into the swamps from shorter distances i . 

(4) the material described under 1, 2, and 3 mingled in any 
proportions. 


In fresh loater : 

(1) In undisturbed lakes : 

(a) from the gross debris drifted in from neighbouring forests ; 
Cb) from the plankton of the lake ; 

(c) from the plankton mixed with spores, pollen giains, and 
^ finer debris of higher plants ; 

(d) from plants growing in situ such as reeds, &c. 

(e) from a, b, and c mixed or layered in any proportions. 

(2) In estuaries, river bends, and deltas : 

{a) from drifted material, which may have travelled far, 
principally from wood ; 

(&) froxn driftod jufitorial iiojii' £it h.andj including IcotoBj &c.j 
in addition to wood ; 

(c) from floating islands ; 

{d) from swamp and bog plants growing in situ ; 
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(e) fioiii material as under a, b, and d, mingled in any pro* 
portions. 

(3) In swamps formed over large areas interspersed with lakes, 
irom in sitiii and drifted material mixed. 

On land : 

(!) from material growing on highland moors, including mosses j 

(2) from material on moors, mingled with forest debris ; 

(3) from material of swamps ; 

(4) from the accumulation of dry forest floors. 

The major deposits of earlier epochs were formed in gradually 
subsiding brackish and freshwater swamps, possibly also in 
undisturbed lakes, in estuaries, river bends, and deltas, that 
is, under conditions by which the debris rapidly became water- 
logged, though not necessarily deeply submerged. 

The decomposition of the great thickness of peat necessary 
for the production of a thick bed of coal, which requires from 
10 to 20 ft. of peat to produce one foot of high-grade bitumi- 
nous coal, could hardly have taken place, White ^ states, except 
under such close adjustment of the rate of subsidence to rate 
of peat accumulation as would maintain a depth of water 
within limits which permitted the growth of the peat-formino* 
vegetation for an exceedingly long time. Too rapid subsidence 
would have flooded the swamps so deeply as to kill the 
principal peat-forming vegetation and allow the invasion of 
sediment-forming water. On the other hand, had the subsi- 
dence of tlie region been too slow, the surface of the peat 
might have reached the upper limit of its formation and 
entered the zone of increasing exposure (aerobic conditions) in 
which the organic matter would become reduced to a liumus 
soil or possibly have been completely destroyed. Irregular 
temporary reductions or withdrawals of the water, either 
seasonally or perhaps less frequently, White suggests, might 
have been causally related to the ordinary type of lamination 
of much of the existing coal, and might have been responsible 
for the admixture to the latter of .fragments of mineral 
charcoal (‘ mother of coal ’ or ‘ fusain ’). 

The climate at the time of the accumulation of the larger 
deposits of coal has been variously described as typically 

R 
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tropical (Potoni4 »), as sub-tropical (Dannenberg *), to mild 
(White and Thiesaen'), and possibly at times rather cold 
Kukuk=).not unlike that existing to-day in southern Chi i 
and in the Chatham Islands. That it must have been exceed- 
indv humid and uniform throughout the year is a tact on 
which all authorities agree and which may he deduced from 
the morphological structure of the residual vegetation of e 
old deposits, which show no sign of annual growth rings. 
During the deposit of younger accumulations, giving rise to 
peat and lignite formation, climatic conditions were probably 
very similar to those existing to-day in the temperate zones, 
since the remains of vegetation found in these deposits are 
identical with those found to-day in colder climates. 

The plant material which became deposited appears to have 
consisted partly of unlignified parenchymatous tissues repre- 
sented chiefly by mosses, herbaceous plants, and pith, partly of 
lignified structures including leaves. Wigs, branches, and even 
trunks, and partly of suberized tissues such as bark and spores 
with their wax and resin content. The relative p-oportion of 
unlignified to lignified structures originally entering tlie peat 
bog must have varied considerably, the latter undoubtedly 

preponderating in many cases. 

A.n impression may be gained of the mode of accumulation 
of the debris from White’s account of the progress of peat 
formation in the large peat deposit of the so-called Dismal 
Swamp ’ of Virginia and North Carolina, and in the inland 
swamp of eastern Sumatra explored by Koordeis and lotonic . 
These deposits, according to White, are the most representative 
existing samples of that type of swamp in which vegetation 
became accumulated to form coal, though the climatic condi- 
tions in the case of the Sumatra swamp may be moie tiopical 
than those prevailing when the ancient peat bogs were formed. 

Before attempts at drainage were begun in the great 
Dismal Swamp, it was covered permanently witli a shallow 
layer of water over the greater part of its expanse. So far as 
it has been explored it consists of a dark brown, in places 
reddish-brown, peat reaching 240 to 360 cms. down. The peat 
consists in large measure of small plant fragments including 
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cuticles, pieces of bark, seeds, twigs, roots, and many brandies 
and logs of considerable size, lying at various levels. In fact, so 
abundant are the logs— and apparently so little decomposed— 
that in parts of the swamp an iron rod cannot be forced down 
to a depth of 180 cms. The flora of the swamp is largely 
angiospermous, though the bald cypress and the white cedar 
{ChamaeGyperis tlmjoides) are scattered over certain areas. 
Sphagnum moss occurs in places and its debris, together with 
lesin, spores, and pollen, are undoubtedly present in the peat. 

The peat swamp of eastern Sumatra is found in an inland 
plain far from the coast. It covers more than 80,000 hectares. 
In it there is being gradually deposited a high-grade peat 
reaching a depth of 9 metres and having only 6*39 per cent, of 
ash in the dry fuel. The peat includes many remains of 
phanerogamous plants, including pollen, and also the spores 
of cryptogams. Debris of mosses, on the other hand, is rare. 
It is covered by about 60 cms. of tea-coloured fresh water. 
By far the greatest part of the peat-forming substance is 
^ dense forest of mixed evergreen trees which 
form a canopy over the swamp and whose leaves, dead twigs, 
and trunks fall into the water. The trees stand so close 
together that their roots form a matted tangle at the surface 
of the peat. Comparatively few herbaceous plants are present. 

I he rate of formation of peat in this swamp is thought by 
White to be considerably faster than in bogs of colder climates. 
Normally some 10 years are required to produce 30 cms. of 
young peat, but continued decomposition will be responsible 
for a decrease, and at a depth of 4>5 to 6 metres this amount 
of accumulated plant debris may have been reduced to a layer 
of only 2-8 cms. At that rate 30 cms. of peat, at a depth of 
4'0 cms., w.ould take about one hundred years to form. 

From the descriptions given it will be seen that peat was 
and is foi’ined under conditions which favour the development 
of micTO-organisms, at least so far as temperature and moisture 
conditions are concerned. The fact that during peat formation 
the vegetable debris rapidly becomes waterlogged in stagnant 
water in which readily oxidizable plant material is dissolved 
indicates that any decomposition occurring in the debris must 
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take place under anaerobic conditions or at least in the presence 
of a limited supply of oxygen. This is important, since the 
development of fungi, to which Fischer and Schrader " attach 
so much importance in their theory of the formation of coal, is 
greatly restricted under such conditions. 

Given such comparatively favourable conditions for their 
growth, it is not surprising that for many years micro-organ- 
isms have been associated with the formation of peat and coal. 
The evidence on which this association is based is very slender, 
however, and has been derived solely from the microscopic 
examination of coal preparations. Investigations of the micro- 
biological processes still occurring during peat formation do not 
seem to have been seriously undertaken, though they would 
have been infinitely more convincing than direct observations of 
coal sections, particularly if made to include a study of the 
presence and distribution of cellulose- and lignin-decomposing 
types. 

The first statement that micro-organisms were associated 
with the decay of plant material in the formation of coal dates 
from IS79, when van Tieghem'^ reported that lie had observed 
unmistakable signs of tlie presence of Bac. am/ylohavUT in 
sections of coal. At that time Bao. amylobacter was regarded 
as the cellulose-decomposing oi'ganism 2 m' exeellmce, and 
van Tieghem’s statement therefore was of particular interest, 
since it definitely associated the formation of coal with 
a microbiological decomposition of cellulose. Some years 
later Renault 12 , 1 :! ticcount of his examination 

of coal sections, and described a number of micro-organisms 
which he had observed in these preparations, and which ho 
connected causally with the formation of coal, Later investi- 
gations, among them those of Thiessen\ have confirmed the 
presence of micro-organisms in coal, chiefly in the form of 
fungus spores. And Griiss, quoted by Lessing reports 
having observed the mycelium of fungi in a specimen of 
coal-like formation occurring in the Devonian limestone of 
Spitzbergen. Living micro-organisms have been reported as 
present in peat by White and Thiessen at a depth of 835 ema. 
below the surface of the peat bog, a remarkable statement, since 
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such organisms must either have been continually active for 
some 000 yeai-s, the time required to form this layer of peat 

the ™ ‘™ amazingly long period in 

the peat in which they were found. It is most regrettable 
that these micro-organisms were not subjected to a detailed 
investigation, particularly with a view to determining their 
ability to live in peat under anaerobic conditions and their 
action on cellulose and lignin. 

tiJnZ’"'’ rir", ®“*t«red observa- 

iiTbe f r r ■“ participation of micro-organisms 

fnel« I 1 p®*** Fremy suggested that these 

lac unc eigone a feT'nientahon tourbeuse by which the 
accumulated plant debris had become converted into an 
amorphous compound, in which individual plant tissues which 

cmberlTr' ““ micro-organisms had become 

embedded. The amorphous compound was undoubtedly 
regarded by Fremy as related to, or even identical with, the 
lumie subatanoes, that is, the plastic compound of a well-rotted 
farmyard manure. According to Fremy it had been derived 
both from the cellulose and from the lignocellulose of the plant 
material undergoing the fermentation tourheuse. 

Further light is thrown on this fermentation by Wliite and 
-iiiiessen, who describe it as the biocliemical stage of peat and 
coal formation. During this stage, which is stated possibly to 
be due principally to the activity of fungi at first, but in which 
aeteria certainly play the chief role later, the accumulated 
vegetation becomes more or less disintegrated and decomposed. 
Ihe operation varies constantly both in phase and extent, even 
m the same bed or locality, according to the ever varying 
conditions of deposition and the nature of the debris con- 
tributed. The process. White says, ends with the cessation 
of anaerobic microbiological action as a result of exhaustion 
of the necessary supply of oxygen [sw], or the development of 
destructive toxins. The microbiological action may, in White’s 
view, result in a partial decomposition of the vegetable debris 
whereby products such as the xyloid lignites and the woody 
or fibrous peats are formed. In early geological times it may 
have gone farther and yielded densely laminated coal. In 
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extreme cases it may have obliterated almost completely all 
the plant structure and thus given rise to the so-called 

‘ amorphous ’ coals and peats. ^ ^ ^ 

How far and for how long this microbiological decomposition 
process may continue in peat is not clearly stated. White 
expresses the view that its duration will vary with the rate 
of growth of the peat, with the toxicity of the decomposition 
products, with the porosity of the superficial layeis of young 
peat, and with temperature, water composition, and othei 
factors. He says also that there is reason to believe that the 
anaerobic action may continue at consideiablc depths in the 
boo" even for some time after the peat deposit has been coveied 
by sediment. He considers it probable that it is still in 
progress in most of the peat studied. Though believing in an 
Ltensive participation of microbiological activity, White does 
not agree with the theory that differences in the type of micro- 
organisms active during the formation of the peat can bo 
made responsible for differences in the nature of the final coal. 

In Thiessen’s opinion the microbiological stage will remove 
the most labile compounds of- the plant tissues first, proceeding 
to the more resistant as conditions require, and leave behind 
finally only the most resistant debris, including resins and 
waxes. Though cellulose cannot be regarded as a material 
particularly resistant to microbiological destruction, Tliiessen 
emphasizes that the peat still contains a largo percentage of 
this substance. 

The participation of micro-organisms in the formation of 
peat, and consequently of coal, has recently been somewhat 
difterently described by Fischer and Schi’ader Those authois 
consider it unlikely that cellulose, except in insignificant 
quantities, can have escaped the action of the micro-organisms 
which took part in the decay of the accumulated vegetation, 
and they regard peat, lignite, and coal as having been formed 
essentially from the lignin content of the decayed plant 
tissues. They evidently regard fungi as the chief types 
responsible for the removal of cellulose, since tliey stress tlie 
importance of Bray and Andrews's^® investigations on the 
destruction of wood by these organisms, and quote Darwin’s ” 
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remarks on the decay of tree trunks in the primeval forests of 
South America in support of their theory. The importance of 
fungi in the formation of peat, and consequently of coal, has 
also been emphasized by Wehmer^®, in spite of the fact that 
the moisture content of peat bogs is far in excess of that 
suitable for the development of these micro-organisms. 

From the above outline it will be seen that it is generally 
agreed that micro-organisms are present during the decay of 
the accumulated plant tissues which leads to the formation of 
peat, and that they take a very conspicuous part in its 
progress. It should not be overlooked, however, that, apart 
from a passing reference by Stoklasa^^, this assumption is 
based on tentative considerations and not on proved facts. 

In the course of time the views held on the chemical com- 
position of that part of the decaying vegetable debris which 
went to form peat and coal have crystallized into two 
distinct theories. One of these, supported by White and 
Thiessen, and Slopes and Wheeler, sees a raw material for 
peat and coal formation in both cellulose and lignin, while the 
other, and newer, theory advanced by Fischer and Schrader 
disregards the cellulose and makes lignin alone responsible. 

At first sight there is a good deal to be said for Fischer and 
Schi’ader’s standpoint, even from the point of view of the 
bacteriologist. Thus, it is a frequently established fact that 
the microbiological decay of pure cellulose does not give rise 
to the formation of natural humic substances. It is noteworthy 
also that many fungi (though by no means all), when attacking 
wood and wooden structures, decompose the cellulose more or 
less completely, leaving the lignin almost untouched. But to 
gain a true impression of the actual occurrences during the 
formation of peat — conceding for a moment that micro-organ- 
isms do take part in it — it is not sufficient to contemplate what 
may happen under exceptional circumstances. On the con- 
trary, the subject must be considered from the point of view 
of the progress of the decay as it usually occurs, that is under 
waterlogged conditions and in the more or less complete 
absence of oxygen. 

It is not difficult to contemplate conditions under which 
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vegetable material will decay under waterlogged and more or 
less anaerobic conditions. The preparation of silage offers 
a very good illustration of such conditions, though the micro- 
biological decay in this case undoubtedly proceeds under more 
favourable conditions than during the formation of peat, 
especially as regards range of temperature and the presence 
of a more readily decomposable plant material. The main 
features of silage preparation have already been outlined, and 
it has been pointed out that the fully ripened silage, in which 
all microbiological activity has ceased, , still contains large 
quantities of cellulose, and even pentoses, in addition to lignin 
and humic substances. But if micro-organisms are unable to 
complete the destruction of cellulose during the silage fermen- 
tation, are they likely to do so during the decay of tlio hetero- 
geneous material which is deposited in a peat bog? Is it 
possible, it may even be asked, that their activity can carry 
the decay as far as in the silage fermentation under the 
comparatively unfavourable conditions existing in a peat bog, 
where both the peat itself and the water in whicli the vegetable 
debris becomes submerged have been found to check the 
development of micro-organisms ? 

The latter question cannot of course be answered until the 
microbiology of the active peat bog lias been investigated. 
But assuming that the decay in the peat bog does proceed 
under waterlogged and more or less anaerobic conditions, 
there is every justification for asserting that, in the lioat of 
cases, microbiological activity must cease in the peat before 
the cellulose and the hemicelluloses of the submerged plant 
material have been even approximately eliminated. The 
complete disintegration of the plant material and the progres- 
sive elimination of the cellulose, which I'ischer and Schrader 
have undoubtedly shown to occur, must therefore bo performed 
by other agencies than micro-organisms, which it would be 
beyond the scope of this volume to discuss. 

Some evidence for this conception of the formation of peat 
and coal has been brought forward in a recent paper by 
Thaysen, Bakes, and Bunker It is suggested in this publica- 
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tion that microbiological activity ceases in the upper layers of 
the peat bog before the bulk of the cellulose has disappeared, 
and that the subsequent destruction of the cellulose proceeds 
on lines similar to those active in the production of carbohy- 
drate humus from linen cloth through ageing. It is shown 
that the humus compounds of a normal peat bog, after 
chlorination by the method recommended by Eller and his 
collaborators can be split up into two substances, one 
identical with the humus compound obtainable from quinones 
and lignin, and the other with the composition of the artificial 
humus compound obtainable from sugars and other carbohy- " 
drates by the action of acids. The latter type of humus was 
also obtained by these workers from samples of Egyptian 
mummy cloth made of pure undyed linen which had decayed 
in the absence of micro-organisms. 
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CHAPTER XI 


CELLULOSE FIBRES AND FABRICS 

In an earlier chapter the participation of micro-organisms 
in the retting of fibres was reviewed and the value of their 
application in this direction discussed. An. account will now 
breiven of the damage caused by micro-organisms in the 
textile industries, starting with the ‘ mildewing ’ of fibres and 

By mildewing is understood the growth of fungi, and possibly 
of bacteria (Osborn^), on fibres and fabrics, which results in 
the discoloration, and frequently in the disintegration of the 
material on which it occurs. The patches seen on mildewed 
textiles are often vividly coloured, either black, green, yellow, 
or pink, depending on the colour of the spores or the mycelium 
of the responsible micro-organisms, on the nature of tlie pig- 
ments secreted by them, or on the chemical cliangea produced 
in the dyes with whicli the mildewed fabrics may have been 

The earliest investigations on the mildewing of cotton goods 
are recorded in publications by Thomson^ and by Davis, 
Dreyfus, and Holland ^ dating from 1877 and 1880 respectively. 
Thouo'h the damage caused by the development of those fungi 
was then already realized to be serious, a systematic investiga- 
tion of mildewing was not undertaken and could not peihaps 
have been undertaken at the time owing to lack of technical 
facilities. It is regrettable, however, that a thoroiigli study of 
the problem should have been deferred until quite recently, 
and that in consequence even the most recent text-books on 
textiles, when dealing with the subject of mildewing, have had 
to rely for their information on the frequently irrelevant 
and certainly quite insufficient data supplied by the authors 
referred to above. 
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The first attempt to study mildew in its various aspects 
was made by Bright, Morris, and Summers as recently as in 
1924, and so far theirs is the most comprehensive account 
of the action of fungi on cotton and cotton fabrics. Refer- 
ence will frequently be made to their treatise in the following 
pages. 

The question of the origin of the infection was studied in 
some detail by Bright, Morris, and Summers, who came to the 
conclusion tliat mildewing might in some cases be the result 
of a contamination of the raw cotton, while in others, where 
the fabrics had undergone such drastic processes as bleaching 
or mercerization, tlie original microflora of the cotton hairs 
would have been destroyed. Here a subsequent infection 
would therefore be responsible for the mildewing. As fungi 
likely to cause mildewing in such cases, Bright, Morris, and 
Summers mention Penicillium, Aspergillus, and JRhizopus, 
which they say may be frequently met with in cotton ware- 
houses and mills. That Penicillium and Aspergillus should 
be regarded as typical mildewing fungi is denied by Gudguen 
who holds the view that the infection is invariably to be 
traced to the cotton plant. Gudguen's view does not harmonize, 
however, with the frequently reported occurrence of Peni- 
cillium and Aspergillus growths on mildewed fabrics, nor 
with the undoubted capacity of many species of these genera 
to decompose cellulose. It is probably justifiable to conclude 
with Briglit, Morris, and Summers that the infection leading 
to mildewing may in some cases arise in the raw material, and 
in others be the result of a subsequent contamination. In 
either case certain conditions as to moisture content, tempera- 
ture, and food materials must be established before the 
development of the contaminating micro-organisms can take 
place. 

The minimum moisture content which will enable micro- 
organisms to develop on raw cotton was estimated by Fleming 
and Thaysen to be about 9 per cent. Armstead and Harland 
who paid particular attention to the moisture requirements of 
fungi, found that an Aspergillus with which they worked 
could develop slowly on cotton containing only 7*8 per cent. 
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of water, a figure which, as Osborn points out, may frequently 
he reached, and even exceeded in the Lancashiie cotton mills. 
On the whole, species of Aspergillus appear from Reiners’s « 
investigation to require less moisture for growth than other 
fungi, a fact which undoubtedly contributes to the frequent 
occurrence of this type of fungus on mildewed fibres and 
fabrics. 

As regards temperature, it is a well-known fact that 
fungi can develop at a few degrees above freezing-point, and 
rapid growth occurs between 15 and 30° C., temperatures 
prevalent in most places where fibres and fabrics are stored or 
handled. 

Hardly more difficult to satisfy are the food requirements 
of fungi. It has been shown by Sde " that fungi will develop 
on paper consisting principally of cellulose and containing 
little nitrogen, and certainly only mere traces of organic 
nitrogen. This can only be due to their faculty of being able 
to satisfy their nitrogen requirements from ammonia and other 
inorganic nitrogen compounds present in tlie air, or to their 
ability to fix atmospheric nitrogen, a property which Froeldich'^' 
found to be common among lower fungi such as AUernaria, 
PeniGilliu'm, and Gladosporkmi, which could bo grown pei,’- 
manently in a medium containing no chemically bound 
nitrogen. The quantities of atmospheric nitrogen fixed liy 
these fungi, when calculated on the carbohydrate decomposed 
by them, were found by Froehlich to exceed tliose fixed by 
such recognized nitrogen-fixing micro-organisms as Olostr idium 
Pasteurmium. 

It has already been shown that the range of carl)ohydratos 
which fungi are able to utilize covers cellulose, homieelluloses, 
and pectin. In addition, they utilize the more readily decom- 
posable polysaccharides such as starch and inulin, as well as 
most di- and monosaccharides. Their food requirements, 
therefore, are fully provided for in all fibres and fabrics, par- 
ticularly in those in which starch and similar sizing materials 
have been incorporated. Even lignified fibres, if not too 
heavily encrusted, can be utilized by fungi, as will bo shown 
in the following chapter. 
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Since most of the fungi which are commonly met with on 
fibres and fabrics produce vividly coloured conidiospores, and 
in addition often secrete yellow, reddish, or brown pigments, 
as well as reductases, it is not surprising that the presence 
of mildew becomes apparent through the discoloration of 
the material on which it occurs. Only in the later stages, as 
the growth of the fungi progresses, does the cellulose material 
become seriously involved and suffer what is technically known 
as tendering, that is, become brittle and, in extreme cases, 
converted into a dust. In spite of the pigmentation of the 
attacked material, it is not usually possible to identify the 
fungi responsible for the mildewing except by their isolation 
in the laboi'atory. Neither the colour of the conidiospores 
nor the pigment secreted are sufficiently characteristic of any 
one species to be of use for this purpose. At the best, a certain 
discoloration may be regarded as an indication of the presence 
of a given type of fungus. 

Though a complete list of all fungi associated with mildewing 
has not yet been compiled, a good many types have been 
isolated and described. They are included in the list given 
below. For a more detailed description of these fungi refer- 
ence- should be made to Chapters V and VI. 

As several of the types mentioned do not decompose 
cellulose, their development on mildewed goods must be due 
to the presence on the material of substances such as starch, 
contained in the size, which can be used as food by these fungi. 
This illustrates one of the dangers of the use of sizes containing 
starch. These sizes favour the appearance of fungi which 
otherwise could not have occurred as mildew, except perhaps 
in cases where the textile has been previously attacked by 
cellulose-destroying forms and where in consequence readily 
digestible carbohydrates might have been produced. 

Mildewing has frequently been studied microscopically and 
the impression gained from the earlier accounts is that the 
threads, and sometimes the individual ' fibres and hairs of 
mildewed fabrics, become enveloped during the attack by 
masses of hyphae, from which conidiophores with pigmented 
spores arise. The figure given illustrates this (Fig. 10). 
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TABLE I 


Type of fungus. 

Materialfrom 

which 

isolafecl. 

By whom isolated 
or recorded. 

Oharacler 

ofpigynents 

produced. 

Cellulose 

decomposing 

power. 

1. Stachyhotrijs 

Cotton fab- 
rics 

Davis, Dreyfus 
& Holland “ 

Greenish 
to green- 
ish-black 

+ 

2. Aspergillus 

Cotton hairs 
and fab- 
rics. Flax 
and hemp 
fibres 

Davis, Di’oyfus 
& Holland » 
Behrens 

Osborn ^ 

Levine & Veitch^''^ 
Dordo 

Armstead & Har- 

land’ 

Ruschmann 
Reiners ® 

Bright, Morris 
& Summers * 

Usually 

greenish 

conidio- 

sporesand 

yellowish 

pigments 

+ 

3, PenicilUtm 
(various spe- 
cies) 

Cotton hairs 
and fab- 
rics. Flax 
and henii) 
fibres 

Davis, Dreyfus 
& Holland » 
Osborn ^ 

Hauman 

Armstead. & Har- 
land 

Ruschmann 

Bi’ight, Morris 
& Summers •• 

Groonish 

conidio- 

spores 

j 

-1- 

4. Mucor and 
Bhizopus (va- 
rious species) 

Cotton hairs 
and fab- 
rics. Flax 
fibres 

Behrens 

Osborn * 

Lovino& Voitch 
Hauman 
Ruschmann 
Reiners ® 

Bright, Morris 
& Summer’s * 

Dark brown 
to black 
conidio- 
sporos 

- 

6. AUernaria 

Cottonhairs 
and fab- 
rics. Flax 
fibres. 

Levine iScTeitoh^® 
Bright, Morris 
& Summers 

Blaokiah 

conidio- 

sporos 

+ 












Table I (continued) 


Type of fungus. 

Material from 
which 
isolated. 

^ By whom isolated 
or recorded. 

Character 
of pigments 
produced. 

Cellulose 

decomposmg 

power. 

6. Claclosporiun 

i Cotton hairs 
and fab- 
rics. Flax 
and hemp 
fibres 

Davis, Dreyfus 
& Holland® 
Levine & Veitch 
Hauman 
Ruschmann i'* 
Bright, Morris 
& Summers'* 

Olive gi-een 
to brown 
almost 
black 

-f. 

7. Botrytis 

Cotton hairs 
and fab- 
rics. Plax 
fibres 

Behrens 
Sidebotham 
Bright, Morris 
& Summers ^ 

Dark olive 
to brown- 
ish coni- 
diospores 

+ 

8. Fusarium 

Cotton hairs 
and fab- 
rics 

Osborn ^ 

Armstead & Har- 
land 

Bright, Morris 
& Summers * 

Pink, violet 
and cher- 
ry - red 
pigments 

d- 

9. Siysanus 

Cotton hairs 
and fab- 
rics 

Osborn ^ 

Brown to 
blackish 
mycelium 


10. Chaetomium 

Cotton hairs 
and fabrics 

Davis, Dreyfus 
& Holland ® 
Osborn * 

Bright, Morris 
& Summers^ 

Q-reenish 

mycelium 

+ 

11. Maci'ospo- 
rium 

Cotton and 
linoii can- 
vas 

Broughton Al- 
cocic 

Ramsbottom 

Dark brown 
to black 
conidio- 
spoi’es 


12. Stemphy- 
lium 

Cotton and 
linen can- 
vas 

Broughton Al- 
coclc 

Ramsbottom *® 

Dark brown 
to blackish 
conidio- 
spores 

+ 

13. Bematium 

Cotton hairs 

Bright, Morris 
& Summers * 

White to 
pinkish 

14, Acrotheciuni 

Cotton hairs 

Bright, Mori’is 
& Summers * 

Brownish 
to black 
conidio- 
spores 


15. Oidium 

Flax and 
hemp fibres 

Ruschmann 

Whitish 

- 
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The presence of large masses of mycelium covering the 
surface of the cellulose fibres led to the assumption that the 
attack of the fungi started on the surface of the fibres or 
hairs and gradually proceeded inwards. This view was in 
principle adhered to by Fleming and Thaysen It has been 
attacked, however, by several authors, chiefly by Denham 
who studied the attack of fungi on cotton hairs. Denham finds 
that the cotton hair is liable to attack in several places both 
within and on the outside of the hair. These places, in order 
of vulnerability, are : broken ends of hair, deep cracks reaching 
the lumen, abrasions, shallow cracks and pits, and the normal 
surface of the hair or cuticle. Infection by the central canal, 
the lumen, and not from the surface of the hair is according 
to Denham by far the most common, because of, as he suggests, 
the chemotactic action exercised on the hyphae by the nitro- 
genous matter present in the central canal. Denham also 
finds that some cottons are more resistant to attack than 
others, an observation to which it will be necessary to return 
later. 

Denham’s view that the attack on cotton hairs, and pre- 
sumably on all fibres possessing a lumen, proceeds from the 
inside outwards has been accepted by Armstead and .ITarland \ 
Bright, Morris, and Summers ^ and quite recently by Burns 
primarily on the theoretical consideration already outlined, 
that the development of the fungi ought to be favoured by an 
ample supply of nitrogenous material, but perhaps also on the 
assumption that the cuticle present on cotton hairs and many 
fibres would resist the attack. However logical these deduc- 
tions may appear, it should not be forgotten that many lower 
fungi develop luxuriantly on inorganic nitrogen supplies or 
even, as already pointed out, in the absence of chemically 
combined nitrogen. Nor has it been proved experimentally 
that the cuticle is particularly resistant to fungi. An entirely 
satisfactory explanation of the important question as to where 
the attack starts has still to be supplied. It is felt that much 
valuable information could be obtained in this respect by 
determining in a sample of-rmildewed cotton fabric the ratio 
between those damaged hairs which contain hyphae in their 
central canals and those which do not. 
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In cases of such fibres and filaments as artificial silks, which 
do not possess a central canal, it may be taken for granted 
that the attack of the fungi proceeds from the outside 
inwards. 

Whether starting from the outside of the hair or fibre and 
progressing inwards, or vice versa, the action of the fungi 
results in the tendering of the material, that is, in a reduction 
of its tensile strength and finally in its complete disintegration 
into a fine powder. In Denham’s publication the tendering is 
described as a progressive splitting and shredding of the 
lamina of cellulose. In the case of what he terms ‘ dry ’ 
disintegration, that is presumably the destruction caused by 
fungi, as distinct from the wet disintegration for which bacteria 
are responsible, the broken ends of the hairs or fibres have 
a typical fibrillar appearance. 

The biochemical and physical changes suffered by cellulose 
fibres and fabrics which have become tendered have hardly as 
yet been studied. The most complete information is contained 
in Cross and Sevan’s report to the Indian Government on the 
heart damage of jute. These authors 22 found that the water 
solubility of the damaged fibres had been increased ten- 
fold, that their solubility in a 1 per cent, sodium hydroxide 
solution had been doubled, that their cellulose content had 
decreased from 75 per cent, to 62-6 per cent., and that the 
aqueous extract obtained from them reduced Fehling’s solution. 
They describe the changes as an hydrolytic degeneration. 
From the data supplied by them it is clear that the decom- 
position follows the course of the usual decomposition of cellu- 
lose described in broad outlines in Chapter VIII. But why the 
decomposition should have given rise to the peculiar physical 
appearance of the damaged fibres described by Denham 20 
and to their behaviour towards swelling reagents such as 
Schweizer’s solution, first observed by Carbone ^3, still remains 
to be explained. 

The prevention of the growth of fungi on fibres and fabrics 
is a problem which has occupied the attention of investigators 
from the time when the nature of mildewing was first estab- 
lished. And yet, as Bright, Morris, and Summers'^ very rightly 

s 
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point out, practically no improvements have so far been made 
on the first suggested remedies — the addition of zinc chloride, 
phenol, or salicylic acid to the sizes — remedies which have 
proved far from reliable. The most successful treatment 
to-day would appear to be the coating of the fibres or hairs 
with copper salts of higher fatty acids, a treatment however 
which cannot be universally adopted, owing to the discolora- 
tion of the material thereby produced. The only really 
efficient treatment known, the removal of the moisture content 
of the lil)res or its reduction to below the minimum admitting 
oP the growth of fungi, is in many cases difficult or impossible 
to apply. 

In the pages whiclv follow it will be necessary to touch 
again upon the question of the prevention of the growth of 
miei’o-organisms on fibres and fabrics from certain specific 
[joints of view. Here it should be emphasized that much could 
be done in this direction by following Bright, Morris, and 
Summers’s reeommendation of creating conditions during the 
maimiacturc of textiles wliich would render it difficult for 
fungi to develop, and of preventing tlio spread of an already 
existing infection l)y introducing improved methods of cleanli- 
ness in textile ndlls. The selection of materials for the 
[jrepai’ation of sizes wliich do not favour the growth of fungi 
would be a further stop in the same direction. 

Conditions"' favourable for the development of fungi also 
Hulfico for the gi’owth of other cellulose-decomposing micro- 
organisms, particularly of actinomycotes. Bacteria probably 
require a somewhat higher moisture content than either fungi 
or aetinomycetes, and it will bo recollected that Donliam 
refers to the destruction wrought by bacteria in cotton hairs 
as a wet disintegration. The moisture requirement of bacteria 
must nevertheless be easily satisfied, since Fleming and 
Thaysen found a rapid increase in the number of bacteria 
contained in a sample of Indian raw cotton with 10 per cent, 
of moisture, when it was incubated for three days at room 
temperature. That bacteria in certain circumstances can be 
responsible for the decay of fibres and fabrics without the 
assistance of fungi is certain. Thus Cross and Bevan found 
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no signs of fungi in the sample of heart-damaged jute which 
they investigated, and Dorde^"*^, who studied the decay of 
fabrics in sea-water, describes it as the action of bacteria. In 
other cases, such as the destruction of Manila hemp described 
by Dorde or of grey cloth studied by Osborn \ bacteria 
would appear to be associated with fungi in the decay. The 
relative importance of bacteria and fungi cannot at present be 
definitely circumscribed, since the investigation of the activity 
of the foiuner in this direction has only recently been seriously 
considered and still remains incompletely studied. There can 
be no doubt, however, that the importance of bacteria is very 
great, particularly in the case of such materials as raw cotton 
and linen and of fabrics subjected to soil contamination or to 
exposure under water. Some measure of support for this 
statement can be obtained from a survey of the conditions 
under which the destruction of fibres and fabrics has been 
shown to be due in part at least to the action of bacteria. 
Among them may be mentioned the black arm cotton 
boll rot, described by Goulding^s as due to the activity of 
Bact. malvacearum. This rot is first noticeable as a small 
dark brown patch on the boll at a point near the peduncle. 
If it starts some time before ripening takes place, the boll 
does not open and the immature hairs decay. If it occurs 
later, only part of the boll is afi'ected and a certain amount of 
cotton may then be collected. In this case bacterial activity 
prevents the formation of cellulose rather than destroys it. 
But this is not so in the serious types of damage to which 
cotton, jute, and other fibres are exposed under damp conditions, 
for instance when stored in hydraulically pressed bales, which 
are deliberately damped to facilitate pressing, or for which 
insuflBciently dried material has been used. Technically the 
damaged fibres are known as ‘ felted ’ cotton or ‘ heart- 
damaged ’ jute. Todd in his text-book on cotton gives the 
following description of the origin of ‘ felting ’ : ‘It occurs 
when moisture enters the bale either during ginning or baling. 
In subsequent storage of the bale or its transport from its 
country of origin, the small spots develop into great lumps of 
rotten and felted cotton weighing many pounds.’ 

s 2 
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Heart-damaged jute is very similar in appearance and owes 
its origin to the same cause. Finlow in his comparatively 
recent investigation, found that the extent of heart damage is 
directly proportional to the amount of moisture present, and 
that the amount of moisture required to start the damage is 
inversely proportional to the pressure applied in the making 
of the bale. Under high pressure the decay may proceed at 
a moisture content of 35 per cent., while in the looser packed 
bales as much as 50 per cent, may be required. During the 
progress of heart damage the temperature of the jute bale 
rises to 40 C., and may remain at this figure for weeks. From 
this point of view the microbiological change resembles that 
occurring in spontaneously heated hay. The microflora 
responsible for the decay has still to be investigated. It is 
probable, as Cross and Bevan suggested, that tlie more impor- 
tant changes in the cellulose are due, both in this and in the 
case of felted cotton, to the action of anaerobic cellulose- 
decomposing bacteria. 

The so-called ‘country-damaged ’ cotton, for the formation 
of which Denham showed bacteria to be partly responsible, 
results from the exposure of cotton to damp before or after 
ginning. In extreme cases the cotton thereby becomes exten- 
sively tendered. Usually, however, country-damaged cotton 
has the appearance of an ordinary raw cotton with yellow or 
brown spots. 

Another type of bacterial damage of cotton was recently 
described by Trotman and Sutton In a study of , the 
weathering of textile fibres these authors observed that cotton 
incubated with Bac. mesentericus showed a swelling of the 
cell walla and a loss of natural twist. When cotton yarns 
were inoculated with a culture of the same oi'ganisms there 
was a slight increase in the tensile strength of the yarn during 
the first three days, followed by a rather marked decrease 
during the following days, making the yarn weaker than the 
original yarn after seven days’ exposure. The same behaviour, 
though less pronounced, was found also in the case of yarns 
inoculated with a culture of Bac. subtilis. Trotman and 
Sutton’s observations are very surprising, and undoubtedly 




Fxtt. 10. Diagrammatic sketch of tlie mildewing of 
a cotton hibric as observed under tiie microscope witli 
the low iiower. 



Pig. 11. Sample of normal cotton hairs, swelled 
by a mixture of carbon bisulphide and alkali. 
Magnification x 90. (Prom N. Pleming and A. 0. 
Tliaysen, Biochem. J., vol. 14, p. 25, 1920.) 
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need confirmation before they can be accepted, since neither 
Bac. mesentericus nor Bac. subtilis is able to decompose 
cellulose. 

Ihe bacterial infections to which flax is exposed are naturally 
very great and can hardly be avoided in view of the nature of 
most retting processes. The resulting decay has recently been 
investigated by von Gescher and Ruschmann Ruschmann 
foxind that scutched flax which had been kept damp for four- 
teen days lost 25 per cent, of its tensile strength, and ho 
expi esses the view that the 12 per cent, of water which is 
regarded as a permissible moisture content for flax is too high. 
This undoubtedly is so, particularly as flax may be damaged 
not only through the destruction of its cellulose, but also by 
a resolution of the pectin which binds the individual flax fibres 
togethei, a decomposition which may be caused by a number 
of different bacteria, including such common types as Bac. 
mesentericus and Bac. Megatherium, which Ruschmann found 
extensively represented on scutched flax. Von Gescher in his 
investigations of flax damaged by micro-organisms paid par- 
ticular attention to the cellulose- destroying bacteria, among 
which he describes a type which is either identical with, or 
closely related to, Bpirochaeta cytophaga. 

The destruction of tentage canvas through weathering was 
attributed by Ramsbottoin to both bacteria and fungi, and 
in the case of the rotting of fishing nets in the sea Dorle as 
already mentioned, found bacteria to be chiefly concerned. 

The financial losses for which these various microbiological 
decomposition processes are responsible are difficult to estimate. 
That they are very large- there can be no doubt. For jute, 
which is a comparatively unimportant textile fibre, Finlow 
leports that in one year (1916) the losses through exposure to 

damp amounted to 3 per cent, of the total jute imports into 
Dundee. * 

The earlier attempts to study the microbiological decay of 
fibres and fabrics met with the serious difficulty that it was 
found impossible to determine the extent of the participation 
of cellulose-fermenting bacteria. There is still no known 
method by which these micro-organisms can be isolated and 
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enumcratiGd, and deductions made as to the extent of their 
activity. Investigators seeking to establish the association of 
cellulose-decomposing bacteria with the decay have to rely 
upon indirect evidence, such as the arrest of the decay in 
the presence of antiseptics, or the abnormal increase of 
a secondary microflora present on the material, such an increase 
indicating the existence of conditions favourable to micro- 
biological activity. It was with a view to overcoming this 
diliiculty that Fleming and Thaysen'’’ endeavoured to establish 
the participation of cellulose-decomposing bacteria in the de- 
struction by direct microscopic examination of the decaying 
materials. As the examination of ordinary stained prepara- 
tions did not lead to the desired results, they decided to make 
use of Cross and Sevan’s viscose process which had previously 
been used by Balls for the study of the detailed structure of 
the cotton hair. They expected in this way to magnify the 
clianges in the structure of the decaying hairs to which the 
activity of tlie micro flora had given rise. As applied for this 
purpose Fleming and Thaysen give the following description 
of the motliod : 

From O’l to 0*3 grm. of the fibres to be examined is placed in 
a small stoppered glass bottle with a wide mouth, and 10 c.cs. of 
15 per cent, sodium hydroxide solution and the same quantity of 
carbon bisulphide added. The fibres are left in this mixture for 
15 to 46 minutes, according to the degree of their decay, then 
removed to a microscope slide, covered with a cover-slip, and a drop 
of water allowed to diffuse under the latter. 

Working with cotton hairs, a normal sample treated in this 
way had the appearance shown in Fig. 11, 

Samples of cotton hairs which had previously been exposed 
to the action of micro-organisms behaved differently and gave 
the appearance illustrated in Figs. 1^ and 13. 

It will bo noticed that the characteristic beading of normal 
cotton hairs, treated with the carbon bisulphide-alkali mixture, 
which is due to the resistance exercised by their cuticle against 
the expansion of the layers of cellulose enclosed by it, has 
entirely disappeared in those hairs which have been attacked 
by micro-organisms. Carbone as alreadj^ mentioned, had 
observed this change some years earlier when swelling micro- 





Pig. 13. Sample of cotton hairs, damaged by 
micro-oi-ganisms ; after swelling by a mixtui-o of 
carbon bisulphide and alkali. Magnification x 100. 
(Prom N. Pleming and A. C. Thaysen, Biochem. J,, 
vol. 14, p. 25, 1920.) 


Pro. 12. Sample of cotton hairs, damaged by 
micro-organisms ; after swelling by a mixture of 
carbon bisulphide and alkali. Magnification x 100. 
(Pi-om N. Pleming and A. G. Thaysen, Biochem. J., 
vol. 14, p. 25, 1920.) 
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biologically damaged cotton hairs with Schweizer’s reagent. 
The impression is gained from a microscopic examination that 
the cuticle of the damaged hair has been completely destroyed 
or at least rendered incapable of resisting the swelling of the 
cellulose of the hair. In addition to the changes wrought in the 
cuticle the cellulose itself appears to have undergone changes. 
An inspection of Figs. 13 and 13 will show the frequent occur- 
rence of incisions which are absent in normal hairs. It is on 
the basis of the presence of these rather than on the absence of 
beading that Fleming and Thaysen devised a method for the 
quantitative determination of microbiological decay in cellulose 
hairs and fibres. Examination of fibres such as flax, jute, and 
wood-pulp showed that similar changes occurred in them after 
an attack by micro-organisms. Fleming and Thaysen do not 
mention, however, whether the changes they observed were 
typical of the action of micro-organisms, and were not produced 
by other agencies which tender fibres and fabrics, such as light 
and inorganic acids. This question, however, has been investi- 
gated recently by Searle who finds that, though difficult to 
discern for the untrained eye, a difference actually exists 
between the behaviour of flax fibres damaged by micro-organ- 
isms and material tendered by mechanical or chemical means, 
when swelled by the carbon bisulphide-alkali mixture. 

The swelling test as described by Fleming and Thaysen is 
as follows ; 

As uniform a sample as possible is prepared from about 8 grins, 
of the material to be examined by carefully mixing it by band. 
About 0>2 grm. of such a sample is mixed with 10 c.cs. each of 
15 per cent, sodium hydroxide solution and carbon bisulphide, and 
left to soak in the mixture with frequent shaking for a time 
sufficient to produce the required swelling of the hairs or fibres. 
When the degree of swelling has reached its optimum, a point 
which can be determined by examining small samples of the 
fibres under the microscope from time to time, three small 
samples of the swelled material, each the size of a large pea, are 
placed on three microscope slides. Each of these samples is 
again carefully mixed, for instance with the aid of two ordinary pins, 
and about twenty fibres, taken at random, spread out horizontally 
on each slide and covered with a cover-slip. A drop of water is 
allowed to diffuse beneath the cover-slips, and the slides are 
examined under the microscope. 
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Fig. 14 shows tho appearance of a preparation made in this 
way. Ton counts are taken from eacli slide, the first running 
vertically along the right-hand edge of the cover-slip, the 
following parallel with, and to the left of the first, and so on. 
The ten counts should cover the whole of the preparation from 
the right-hand edge of the cover-slip to the left. 

The average count from each of the three slides was found 
to vary little in well-mixed samples, an observation which, 
however, has recently been disputed by Burns who recom- 
mends the examination of a minimum of five slides. Burns 
also remarks that it is dilficult to tease out from the ' pea ’ of 
swelled fibres a number of hairs or fibres which is sufficiently 



Fk), 14 . SIt(t(i<4i Hli(nviii(j; Uu> nri'anf^omoiit of cott'ou luiii'H on a nu(!i'os(Jopo 
hIuIo afOa* HWislliiig and Nprioiding' for l.ho ]>nr])OHO of (ho quautitativo dotor- 
minafion of mimiiiiologicul dcamy. 


representative of the damage, wlien some of tho filu’ca have 
been eKtensively decomposed and others little or not at all, 
and tlio material in conseciuence has had to remain iii the 
swelling mixture for a prolonged time. In such cases he 
prefers to carry out tlie count on two parallel samples, one of 
which remains in tlio swelling mixture for the time sufficient 
to allow the badly damaged liairs or fibres to swell, while the 
other remains in the swelling mixture until tlio undamaged 
fibres have reached their optimum degree of expansion. The 
results obtained from tho examination of five sets of slides of 
each of these samples Burns found to give a more reliable 
figure of the percentage deterioration than was obtainable by 
the procedure recommended by Fleming and Tliaysen. 
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In order to obtain consistent results by this test, which 
Fleming and Thaysen termed the ' swelling test it is of course 
necessary to lay down definite rules as to when a hair or 
a fibre is to be regarded as damaged and when as undamaged. 
Those who have studied the bacterial decay of fibres will have 
observed that the attack of the micro-organisms starts at 
isolated points and only gradually spreads throughout the 
length of the fibre or hair. The originators of the swelling 
test considered that a few isolated superficial wounds on an 
otherwise normal fibre would be unlikely to cause any measur- 
able weakening in the strength of the fibres, and therefore 
decided to regard only those fibres, or isolated part of fibres, 
as damaged which showed signs of attack throughout their 
whole length. By choosing this standard they thought it 
probable that the results obtained by the swelling test would 
conform to the measurements obtainable by determining the 
tensile strength of the damaged hairs or fibres. Burns very 
rightly remarks, however, that before this assumption can be 
admitted it is necessary to carry out determinations of the 
extent of damage in a number of fibre samples, both by the 
swelling test and by the measurement of the loss of tensile 
strength. Such comparative analyses are apparently now 
being undertaken by Burns and their results must be awaited 
with interest in view of the great value which attaches to the 
application of the swelling test to many problems connected 
with the microbiological decay of such fibres as cotton, flax, 
and wood cellulose, which are comparatively easily separated. 
Fibres such as jute Thaysen and Bunker could not analyse 
quantitatively by the swelling test, owing to the difficulty of 
separating the fibre bundles. 

With the swelling test, as first applied by Fleming and 
Thaysen, it was claimed that it was possible to detect a micro- 
biological damage in artificial mixtures of normal and deterio- 
rated cotton hairs, of as little as 3 per cent, of the total, and 
in a series of experiments in which the progress of the micro- 
biological destruction of a sample of Indian raw cotton was 
followed, both by the swelling test and. by the changes 
occurring- in the alkali solubility of the attacked hairs. 
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a inetliod frequently used for detecting tendering of textiles, 
the swelling test was found to be distinctly superior. While 
the swelling test showed a steady rise in the percentage of 
damaged hairs long before any change in the alkali solubility 
of the sample occurred, the latter method only gave definite 
signs of decay when this could already be detected by visual 
examination. 

Soon after the publication of the first results obtained by 
the swelling test, it was criticized by Denham who main- 
tained that hairs and fibres which had their cuticle damaged 
by mechanical means would behave as microbiologically 
damaged fibres when subjected to the swelling test, and that 
fibres and hairs in which the microbiological attack had started 
from the central canal would have the appearance of normal 
fibres when swelled by the carbon bisulphide alkali mixture. 
These objections were answered by Thaysen and Bunker 
who pointed out that the changes resulting from the micro- 
biological decay could not have been restricted to a weakening, 
or perhaps even an elimination, of the cuticle, but would have 
involved also the cellulose of the material, since badly attacked 
fibres and fabrics showed a marked increase in alkali solubility. 
Further, they emphasized that the characteristic appearance 
of fibres and hairs after swelling is due as much to these 
changes in the cellulose as to changes in the cuticle. That 
a microbiological attack on a fibre or a cotton hair from the 
central canal should escape notice in the swelling tost Thaysen 
and Bunker thouglit extremely unlikely, since aucli an attack 
would still involve a destruction of the cellulose. Tliey admit, 
however, that they have seldom met with such cases, which 
according to them must be extremely rare. Wlicrever the 
■fibres were found to be attacked by a fungus or a bacterium, 
either from witlfin or from without, the swelling test was 
observed to record the damage. From this statement it is 
clear that the swelling test is applicable not only to fibres o]' 
hairs which have been bacterially damaged, but also to those 
which have been destroyed by fungi. 

Despite the various criticisms levelled against the reliability 
of the swelling teat, it is now generally admitted that it con- 
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stitutes a useful method for the quantitative estimation of 
microbiological destruction of many fibres and fabrics, and 
that the progress of such decay can be followed by means of 
it. It is interesting to consider therefore the observations 
made with the aid of the swelling test in Thaysen and Bunker’s 
studies of the microbiological destruction of cellulose hairs 
and linen fibres. In a study of the rate of destruction of 
samples of American, Egyptian, Indian, and Indo-American 



Pig. 16. DeteriorationJ'curves of Indian, Egyptian, and American cotton exposed 
to bacterial attack. The abscissae I’epresent time in days. (From A. C. Thaysen 
and H. J. Bunker, Biochem. J., vol, 18, p. 140, 1924.) 


cotton it was found that the Indian samples decayed faster 
than any of the others, and that the American samples 
were the most resistant, followed closely by the Egyptian 
samples. The rate of decay of the Indo-American samples, 
that is of cotton grown in India from American seed, was 
found to be exceptional. It will be more fully referred to at 
a later stage. The rate of destruction of each of the first 
three types was found to be practically constant, so much so 
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in fact that on several occasions it was possible to identify 
raw cottons by means of their rate of destruction by micro- 
organisms. The accompanying diagram (Fig. 15) is reproduced 
from Thaysen and Bunker’s publication and shows the rate of 
destruction of the three types of cotton expressed graphically. 

Should these observations, that cottons of different origin 
show a difference in susceptibility to attack by micro-organisms, 
be confirmed on further investigation, it will be of very great 
theoretical and practical interest, since they offer a clue to the 
elucidation of the very important question of the prevention 
of the microbiological destruction of fibres and fabrics. Thay- 
sen and Bunker realized this and made an attempt to find the 
reason for the differences observed. They directed their 
attention to ascertaining whether differences in the various 
samples of food available could be responsible for the differ- 
ences in the rate of decay. They found, however, that an 
addition of food sub.stances did not affect the ratio, except in 
the case of Indo- American cotton samples. Here, where the 
hairs normally decayed at the rate typical for American 
samples, the addition of a mixture of peptone and di-potassium 
hydrogen phosphate caused a considerable shortening of the 
time of exposure necessary to produce extensive damage in 
the samples. 

The presence of inliibitory substances in American and 
Egyptian samples which could prevent the growth of micro- 
organisms and which might bo thought responsible for the 
differences in rate of decay could not bo conlirmed experimen- 
tally. Nor was it jpossible to confirm the suggestion that the 
more resistant types of hairs possessed a cuticle with greater 
power of resistance to attack than that of Indian samples. The 
experiments in this direction were carried out on a sample of 
Egyptian combed Sakel sliver cotton, part of which was 
exposed to the action of micro-organisms without being 
subjected to any preliminary treatment, while other parts 
were first boiled in water to remove water-soluble compounds, 
or in a 3 per cent, sodium hydroxide solution under pressure 
to eliminate fatty or waxy compounds. The three sets of 
samples were all exposed under identically similar conditions, 
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and in the presence of additional food, consisting of a solution 
of peptone and di-potassium hydrogen phosphate. Contrary 
to expectations, the untreated sample was found to decay first, 
the sample treated with alkali under pressure showing less 
than half the damage of the untreated sample after thirty 
days’ exposure. Burns regards the result of this experiment 
as an indication that tlie attack of micro-organisms on the 
hairs proceeds from the inside of the central canal, and suggests 
that the treatment with alkali under pressure had removed 
the proteins or other food materials contained in the lumen 
and in consequence had rendered the development of micro- 
organisms in the central canal difficult. In forming this 
opinion Burns, however, has overlooked the fact that suitable 
food materials were purposely added to all the samples before 
their exposure, in order to counteract a possible destruction of 
the food normally contained in the hairs during their treatment 
with water or alkali. Thaysen and Bunker were therefore 
justified in concluding that the resistance of the slowly decay- 
ing types of cotton hairs has nothing to do with the presence 
of a particularly resistant cuticle. 

The exceptional behaviour of typical Indo- American cotton 
samples towards microbiological decay was also studied in 
some detail by Thaysen and Bunker, who express the view that 
the decreased resistance to decay of these samples when 
additional food material is supplied must be ascribed to 
different climatic or soil conditions from those of their country 
of origin, and not to interbreeding with typical Indian cottons, 
since one of the Indo- American samples which they examined 
and which behaved exactly like all the others had, according 
to Burt been maintained in India as a pure strain of 
American cotton. 

In their attempts to test the usefulness of the swelling test 
for the study of the rate of decay of other fibres, Thaysen and 
Bunker found that dew-retted flax showed a much slower rate 
of decay than tank-retted flax. Here again their observations, 
made on one series of experiments only, would appear to 
require confirmation. Taking into account, however, the 
differences in the process of retting of the two types of flax it 
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cannot be considered surprising that dew-retted flax should be 
more resistant than tank-retted flax. It may be recollected 
that Ruschmann in his studies of dew-retting pointed out 
that Gladosporium, which he found to be chiefly responsible 
for the retting in this case, prevented the development of all 
other types of micro-organisms. It is quite conceivable, there- 
fore, that the inhibitory substances produced by this fungus, 
and by means of which the growth of other micro-organisms 
was prevented during retting, may have survived and still 
have been present in the finished flax. 

Before leaving the subject of the swelling test it should 
be mentioned that normal and damaged hairs or fibres can 
be swelled with a number of other reagents. The carbon 
bisulphide-alkali mixture, however, has the advantage over 
Schweizer’s reagent and solutions of thiocyanates (Williams 
in that the swelling progresses more slowly and can therefore 
be studied more thoroughly under the microscope. 

In discussing the mildewing of fibres and fabrics, it was 
pointed out that none of the methods recommended for the 
prevention of this destruction had proved really efficacious, 
except the reduction of the moisture content of the materials 
to a figure below 8 per cent. This is even more emphatically 
the case with the bacterial decay of fibres and fabrics, since 
the conditions under which fibres and fabrics undergo destruc- 
tion by bacteria are frequently such that an application of 
antiseptics is rendered diflicult. This is tlie case with fishing- 
nets, for instance, where the antiseptic will sooner or later 
be washed out through the repeated or prolonged wetting to 
which these fabrics are exposed. 

Dry storage, of course, will protect any fibre or fabric 
against bacterial decay, a point which is emphasized by Burns 
who states that Egyptian cotton before ginning is more sus- 
ceptible to decay than when damped after ginning, for instance, 
during pressing. He recommends the storage of cotton in 
well- ventilated warehouses and states that the best results are 
then obtained only when the cotton has been sun-dried before 
storage. Ventilation alone during storage, without preliminary 
drying, appears to favour the process of decay. This is cor- 
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roborated by observations already made in the case of the 
spontaneous combustion of hay. 

The application of antiseptics for the prevention of bacterial 
decay has already been extensively tested, frequently with 
satisfactory results, as for instance in the case of canvas tents, 
tarpaulins, paper for roof covering, and fishing-nets. 

Here the impregnation with copper salts would appear to 
be especially suitable, as in the Willesden treatment, where 
the copper salt is so intimately incorporated with the fibres 
that its removal by water is difficult. The bluish-green colour 
thereby imparted to the fibres, however, is frequently un- 
desirable, and the general application of this otherwise efiective 
treatment is therefore impossible. The same may be said 
of the impregnation with copper soaps, a treatment which 
has been recommended by Taylor and Wells for the 
preservation of fishing-nets, the life of which is thereby 
materially prolonged. In the best of cases, however, such 
treatments must be considered as temporary expedients, which 
do not touch upon the fundamental principles underlying the 
susceptibility or resistance of organic materials to destruc- 
tion by micro-organisms. Of far greater importance in this 
connexion are Dore^’s observations that fabrics made from 
cellulose acetate are more resistant to microbiological destruc- 
tion than ordinary cellulose fibres. Dor(^e suggests as an 
explanation that the reactivity of the hydroxyl groups of the 
cellulose molecule is lost by the replacement of their hydrogen 
by acetyl groups, and that in consequence the normal micro- 
biological disintegration of the cellulose cannot take place. 

Another, though still obscure, explanation is foreshadowed 
in experiments by Pringsheim and Aronowsky These 
authors found that inulin obtained by the saponification of 
inulin acetate, though possessing the chemical properties of 
normal inulin, was as difficult to decompose as inulin acetate 
by an enzyme prepared from Penicilliu'YYh glaucwifi. In this 
ease the recovery of the hydroxyl group after saponification 
of the inulin acetate had not restored the susceptibility of the 
carbohydrate to destruction by micro-organisms. An explana- 
tion of the greater resistance of the recovered inulin is not 
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offered by Pringsheim and Aronowsky, but it is fairly certain 
that it cannot be associated with changes in its chemical 
properties, since the recovered inulin was identical, chemically 
speaking, with ordinary inulin. Possibly the reason may have 
to be sought in physical changes such as those referred to by 
Herzog who found that of all the cellulose and cellulose 
derivatives examined cellulose acetate was the only one which 
possessed an amorphous structure. 

The question of the microbiological destruction of artificial 
silk has recently been reviewed from this point of view by 
Thaysen and Bunker 

Quite recent research by Pringsheim and Perewosky has 
failed to confirm Pringsheim and Aronowsky’s observations on 
the greater resistance to fungal decay of inulin prepared by 
the saponification of acetyl inulin. There is, therefore, at 
present no justification for the assumption that the changes 
wrought by this chemical manipulation of the polysaccharide 
can explain the greater resistance of cellulose acetate to micro- 
biological destruction. 
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ADDENDUM 

Since this chapter was written another method for the detection 
of microbiological decay in cotton hairs has been described by 
T. B. Bright {J. Text. Inst., vol. 17, p. T 896, 1926). 
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CHAPTER XII 


WOOD AND WOOD-PULP 

The account of the destruction of wood to be given in the 
following pages will be limited to a discussion of the action 
of micro-organisms on lumber, manufactured wood and wood- 
pulp, a subject which is now, in the literature of the last few 
decades, receiving a degree of attention commensuiate with its 
economic importance. 

Though most wood tissues are more or less heavily lignified, 
they are by no means safe against microbiological decay, and 
the cellulose, hemicelluloses, pectin, the carbohydrates dissolved 
or deposited in their parenchymatous tissues, and even the 
lignin can be decomposed by micro-organisms, ihe destruc- 
tion of these substances is greatly facilitated by the presence 
in the wood of other substances which are essential for, or at 
least favourable to, the development of micro-organisms. 
Among such substances may be mentioned water, which occurs 
in undried woods to the extent of 20 to 60 per cent, (von 
Tubeuf 1). Of these amounts even the minimum suffices to 
admit of the growth of many fungi. Nitrogen is piesent in 
the form of protoplasm, while the ash of wood contains all 
the salts necessary for the stimulation of growth. 

The question of the nature of the organisms reponsible for 
the rotting of wood has long been decided in favour of the 
higher fungi. A consensus of existing literature undoubtedly 
supports the view that these fungi are chiefly responsible for 
the decay, whereas the lower fungi and bacteria appear to 
play a more insignificant role. Only isolated references, such 
as those of van Iterson, jr.^, ascribe the decay of wood to the 
action of cellulose-decomposing bacteria, and in such cases 
abnormal conditions usually prevail. This was so in the case 
mentioned by van Iterson, where the decaying timber had 



I'’ia. 16. ITy])li,aG of Folyporus schioeiniMi penetrating the cell wall of Picea 
siichansis. Preparation stained with Bismarck brown and methyl violet. 
Magnification x 1,300. (From Hubert, ‘Diagnosis of Decay in Wood’, Journ. 
Agric. EtiHearch. vol. 29, p. 523, 1924.) 
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been partly sunk in water and was found to rot on the 
border line between water and air, that is under water-logged 
conditions which most investigators have found unsuitable for 
the development of fungi. While touching upon the participa- 
tion of bacteria in the decay of wood it should be mentioned 
that Schmitz ® found that the presence of saprophytic bacteria 
in rotting wood very materially increased the rate of decay 
by fungi. The degree of this influence was found to vary 
with the type of bacterium present, with the species of fungus 
responsible for the decay, and with the type of wood attacked. 

With practically no information available on the participa- 
tion of bacteria the account to be given in the following pages 
of the decay of wood as manifested by the destruction of its 
cellulose, hemicelluloses, pectin, and gums must be a description 
of the action of fungi. The nature of these fungi and their 
position within the botanical system was discussed in Chapters 
V and VI. 

In order to gain access to many of the substances contained 
in the wood, which may serve as food materials, the fungi 
must penetrate the wood tissues. They do this by means 
of the hyphae of their mycelium, which enter the wood, 
either through natural openings or through wounds, and 
gradually spread out between and through the cells. The 
intercellular development of the mycelium necessitates the 
resolution of the middle lamellae of the wood tissues, through 
the secretion of a pectosinase. The perforation of the cell 
walls, as Miyoshi''; suggests, is probably due to a combined 
mechanical pressure exercised by the hyphae on the cell wall, 
and to the secretion of enzymes resolving lignocellulose. The 
holes produced in the cell walls by the perforating hyphae are 
ah unmistakable sign of decay of the wood. Their significance 
in this respect will be discussed later. In Fig. 16, taken from 
Hubert’s '' paper on the diagnosis of the decay of wood, such 
perforations and the hyphae producing them are illustrated. 

It is obvious that the thinner the cell walls of the attacked 
tissues the easier becomes their penetration by the hyphae. 
The sapwood, therefore, and particularly that part of it which 
is produced during spring, is generally more readily attacked 
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than the thick- walled heartwood, which as a rule is heavily 
encrusted with lignin and frequently filled with substances 
such as resins, tannin, colouring matter, and inorganic salts. 
For the same reason the medullary rays are usually the first 
tissues to be attacked and perforated, particularly by such 
fungi as Ceratostomella pilifera, which are unable to perforate 
lignified cell walls. Zeller’s investigation showed that the 
resistance of woods to destruction by fungi was proportional 
to the density of the wood, thus supporting the generally 
accepted view that heartwood is more resistant than sap wood. 

Any resistant properties which the heartwood may possess 
do not protect it permanently from destruction by fungi. On 
being attacked it breaks down in the same way as the sap- 
wood, leaving behind the same signs of decay which characterize 
the rotting of the latter. These signs are often characteristic 
of a given type of fungus and usually depend far more on the 
nature of the fungus than on the type of the wood. The 
identification of a given type of rot and of the responsible 
organism thereby becomes appreciably simplified. Thus some 
fungi, for instance Trametea pini and Fomes igniariua, decom- 
pose the lignin and leave behind patches of wliite or whitish 
cellulose, as shown in Fig. 17. Others, sucli as Polyporus 
schweinitzii and ‘ Lenzites sepiaria^ decompose the cellulose 
and convert the wood into a brown brittle mass. 

The so-called sap-stain fungi, to which Ceratostomella 
pilifera belongs, leave both the cellulose and the lignin almost 
undamaged, but invade the medullary rays and decompose the 
carbohydrates contained therein, at the same time imparting 
a discoloration to the attacked wood. Tn the specific case 
mentioned this discoloration is of a bluish grey colour. 
A few fungi developing on decaying wood render it phospho- 
rescent. To these belong Pleurotus Prometheus and Armillar ia 
mellea, investigated by Molisch 

Following Hubert, the progress of the decay may be divided 
into two stages, the incipient stage and the typical stage. Of 
the two the former is in some ways the most important since 
it shows few if any visible signs of the presence of fungi, and 
is therefore diflicult to diagnose. During the incipient stage 



Fia. 17. Deeoiniiosition of larcliwoocl by 2Vflme<i?s2rm2. In 
the centre, part of the wood lias been converted into white 
cellulose. (Von Tubeuf in Lafar’s Ilandhucli der iechnischen 
Mykologia.) 
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the mycelium invades new tissue preparatory to a more exten- 
sive attack on the cells. The hyphae, which are hyaline, 
rather slender and seldom anastomosing, are often difficult to 
distinguish in unstained preparations (Hubert They ramify 
in all directions, and for preference seek the medullary rays 
and their leadily decomposable content. Generally the wood 
retains its structural characters during this stage. 

In cases of white rot, where the lignin becomes more or less 
completely decomposed, the beginning of decay may be 
signalized by the formation of zone lines, as shown in Fig. 18. 

The dark coloration is produced round the area of fungus 
growth and may be seen in cross-sections of the dried attacked 
wood. The dark colour of the zone lines is described by 
Plubert as due to the oxidation of the decomposition products 
of the attack. This discoloration occurs on the exposure of 
the wood to the air during drying. During the incipient stage 
of decay tufts of mycelium may appear on the surface of the 
attacked wood (Mitchell ®), as for instance in the mine timber 
rot^ caused by Polyporus vaillantii. Such mycelium may 
assist in the identification of the particular type of rot. 

^ In the typical stage of decay the wood usually sho ws marked 
signs of loss of strength as well as changes of colour. This is 
due to the more or less complete resolution of its component 
parts and to the bleaching or pigmentation of the decaying 
tissues. The wood may become soft and spongy, or brittle and 
easily crushed, or it may be stringy as in the case of some 
white rots. In the rots caused by Merulius lacrymans and 
Polyporus vaporarius, where the comparatively thin-walled 
spring wood of each annual ring becomes severely damaged, 
the rotted wood forms a mass of brittle cubes. A case of this 
ring scale, or cubical rot, is illustrated in Fig. 19. 

Another type of rot in its typical stage is shown in Fig. 20 
and represents a brown pocket rot caused by Polyporus 
amariis. It demonstrates the I'estricted development of some 
timber rots. 

In some cases, described by Mitchell in his paper already 
referred to, the attacked wood shows few gross changes even 
during the principal stage apart from the appearance of fruiting 
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bodies. Such cases, naturally, are particularly dangerous, since 
the wood, if used for strengthening purposes as in mine roof 
constructions, may suddenly and unexpectedly collapse. 

The susceptibility to infection and tlio rate of decay of wood 
depend, apart from the nature of the attacking fungi, on 
a nuinl)er of factors, including the type of wood attacked and 
the food substances present, and also the moisture and tem- 
perature conditions prevailing. Wood felled in spring and 
during early summer is particularly lialtle to attack by fungi 
if left on the forest floor witliout the removal of its bark to 
facilitate drying. The permeation during these seasons of all 
wood tissues ))y sap containing appreciable (|uantities of readily 
decomposable carbohydrates favours the development of 
a number of lower fungi which can hardly be regarded as 
wood-destroying forms (Eaas''), but whicli discolour the wood 
beneath the bark with patches of black, yellow, pink, and 
green in a manner similar to that observed in samples of 
mildewed fabrics. The development both of tliese and of the 
true wood-destroying fungi depends, it need haitlly be recalled, 
on the production of eimymc.s. Kecent work, carried out 
primarily by American investigators, has established the great 
variety of the eimymes produced by one and the same type of 
fungus. Itefercnce to this work was made in Ohaptei VI, 
wliere descriptions of the physiological piopeities of the 
saprophytic wood-destroying fungi were given. It was not 
recorded there, however, that the secretion of these ensiymes 
is independent of the prcHcnco of the sul)stunceH decomposable 
by them (Kylin^"), though its extent may vary with the 
amount of substances availalilo. Thm must be of the greatest 
importance for the rapid spread ol the mycelium thioughout 
its host. 

The chemical changes produced in wood through the action 
of the various enzymes will be discussed later, when the con- 
ditions have been outlined under which an infection of wood 
may develop under ordinary conditions of storage and use. 

That trees felled during spring are very liable to attack by 
fungi, particularly when left unharked, has already been 
mentioned. But even carefully barked winter-felled trees 



Fig, 19 . Appearance of wood destroyed by Merulius lacrymcins. 
(From von Tubenf, in Lafar’s Handbuch dcr iechnischen Mykologie.) 
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become attacked on storage, particularly when care is not taken 
to adjust the moisture conditions of the wood to within certain 
limits. These limits have been determined by a number of 
workers, among them by Hoxie and by Snell who 
agree that a moisture content of 20 to 50 per cent. (Hoxie), 
or 25 to 42 per cent. (Snell), are those most favourable for the 
development of destructive fungi. For the typical timber rot 
caused by Goniophora cerebella, Scheible finds an optimum 
moisture content of 50 to 60 per cent. The germination of 
the spores of wood-destroying fungi was studied by Zeller 
who found that the percentage germination of Lenzites sepiaQ'ia 
spores was low on wood with a moisture content below that 
of the point of fibre saturation, while it reached 100 per cent, 
in cases of wood fully saturated with water. On the basis of 
his observations Snell recommended the maintenance of the 
moisture content of stored wood either above 60 per cent,, 
a water content which he considered sufficient to eliminate all 
danger of serious decay, or below 20 per cent. In view of 
this observation it is not surprising that storage under water 
should have been recommended as a safe method for the pro- 
tection of timber against decay. Kress is of the opinion, 
however, that storage in the open is preferable, provided that 
certain precautions are taken. He points out that though 
storage under water may be theoretically ideal, in practice it 
cannot very well be so, since many of the logs are bound to 
float on the surface of the water, thus becoming exposed to 
partial drying and consequent attack. For storage on land 
Kress recommends the erection of stacks separated from each 
other by passages at least three feet wide, each stack being so 
constructed that air is allowed free passage through the 
interior, presumably for the purpose of drying the stored 
wood. The stacks should not be placed on the ground, but on 
supports raising the bottom layers of timber sufficiently high 
off the ground to prevent their becoming damp, Lagerberg 
agrees with Kress on the advantage of stacks and advises 
that the individual logs should not be longer than two metres, 
and that the bark should be as carefully removed as possible 
before stacking, so that the wood may become more readily 
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dried. But in spite of these precautions decay is likely to set 
in when infected, or perhaps even rotten, wood is allowed to 
remain in proximity to the stacked timber. This very fre- 
quently happens when infected timber is left scattered on the 
ground, a practice which might easily be avoided in the store 
yard and to a certain extent perhaps even in the forests, by 
the burning of all infected wood. 

Far more difficult, of course, is the prevention of the spread 
of an already existing decay where timber is to be used in 
mines for the replacement of rotten props or roofs. Mine 
timber, therefore, frequently decays surprisingly quickly, often 
in a few mouths. Mitchell ® estimates that about 50 per cent, 
of all timber used in mines in England and abroad is destroyed 
directly or indirectly as a result of fungal decay. 

The financial losses incurred through the rotting of timber 
have not been determined, but must be very large indeed. 
An indication of their amount is given by Acree who, on 
the basis of replies to a questionnaire, places the annual losses 
of Canada through the fungal decay of timber at 5 to 10 million 
dollars. These figures are probably additional to the losses 
incurred through the destruction of building and other timber 
constructions by dry rot, Merulius lacrymans^ and other types 
of rot such as those caused by Polyporus vaporarius and 
Poria incrassata, types which have often been mistaken 
for true dry rot. The two latter are probably unable to 
develop, however, under the restricted moisture conditions 
favourable to the typical dry rot. 

On germination from its spore, for instance when present 
on a piece of timber touching a damp wall, the mycelium of 
Merulius lacrymans penetrates the cell walls of tlie attacked 
wood, seeking for preference the content of the medullary 
rays. The lignin of the cell tissues is not destroyed by the 
enzymes secreted, the action of its enzymes being largely 
restricted to the cellulose. The resolution and subsequent 
decomposition of the cellulose probably involves the formation 
of oxalic acidj since any calcium carbonate deposit present in 
the wood disappears as the decay progresses, and is found 
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ordinary mycelium. Maeroscopically the attack of Merulius 
lacrymans first becomes noticeable as a brownish discoloration 
of the wood, the volume and weight of which decreases as the 
decay progresses. Ilartig, quoted by von Tubeuf records 
a loss of volume of 25 per cent, in a piece of wood which had 
been acted upon for a year by Merulius lacrymans, while its 
loss in weight during the same period amounted to no less 
than 59 per cent. The shrinkage in all directions of the 
attacked wood is particularly noticeable on drying, when the 
timber shows the cubical appearance illustrated in Fig. 19. 

The decomposed wood, though brittle and easily crumbled 
into a powder when dry, is hygroscopic, and the absorption of 
moisture causes the affected tissues to swell. Any excess of 
moisture absorbed is exuded from the living hyphae of the 
fungus and collects on them as tear-like droplets, an appearance 
which has given rise to the species name of this particular 
Merulius type. The formation of these droplets, which often 
consist of solutions of certain carbohydrates, also occui’S in 
several other Polyporaceae, e.g. Folyporus selnveinitzU. 

The microscopic appearance and characteristics of tlie 
mycelium of Merulius lacrymans were described in detail in 
Chapter VI. Macroscopically the fungus may occur as white 
to greyish fan-shaped layers of mycelium adhering firmly to 
the wood. When food and moisture conditions are especially 
favourable the growth resembles a tuft of cotton-wool placed 
on the wood. From the layers of mycelium the fruiting 
bodies or sporophores of the fungus ai'ise, but here, as in the 
case of many other wood-destroying forms, the mycelium may 
remain sterile and the identification of the fungus thus be 
rendered difficult. The reason why the mycelium remains 
sterile is perhaps the absence of light, which Long and Ilarsch 
found, if not absolutely essential, at least highly favouralile 
for the formation of sporophores in the case of iminy of the 
higher destructive fungi. The identification of the sterile 
mycelium of Merulius lacrymans is faeilitat(3d, If aide ''' 
suggests, by the fact that its mycelium ceases to grow at 
27° 0. The mature sporophore is amber-coloured or darker 
brown, covered with anastomosing wrinkles, over the surfafje 
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of which the basidiospores are formed. It measures from 
10 to 20 cms. or more in diameter. 


Particularly well developed in the case of Merulius 
lacrymans are the mycelial structures termed rhizomorphs, 
and it is due to the advanced development of this form of 
mycelium that the dry rot fungus is able to survive and to 
develop on what appears to be perfectly dry wood. The 
rhizomorphs consist of strands of closely interwoven hyphae 
containing between a network- of narrow, thick- walled 
hyphae several very wide cells, serving probably for the 



(From Hartig, in von Tnbeuf s article on wood- 
destroying fungi ; Lafar’s Sandbuch der 
technischen Mykologie.') 


transport of water. A 
transverse section of a 
rhizomorph is shown 
in Fig. 21. 

The rhizomorphs 
spread for long dis- 
tances away from the 
seat of the rot and 
may even penetrate 
brick walls and other 
obstacles in search 
of moisture. Rhizo- 
morphs have also 
been observed in other 


fungi which destroy 
wood, though they are not usually as elaborately differentiated 
as in the case of MctuHus lacrymans. 

PoZypovus VQjpoTOA'vujS and Povia incvctsscitcb are two other 
types of fungi which do serious damage by destroying timber 
in the forest as well as in storage yards and in buildings. 
Their moisture requirements are greater than those of 
Merulius lacrymam. Though the mycelium of Polyporus 
vaporarius greatly resembles that of the true dry rot fungus, 
its sporophores are sufficiently different to make the identifica- 
tion easy, being white and smaller, measuring from 2 cms. in 
length, and spmetimes showing a yellowish tinge in the older 
parts. The rhizomorphs of Polyporus vaporarius are not 

npurl-tr no 
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lacrymans. Wood attacked by Poly'porus vaporar ius becomes 
dark brown, almost charred in appearance. 

The decay caused by Poria incrassata is similar, according 
to Humphrey to that produced by Merulius lacrymans, and 
is no doubt frequently confused with it, particularly when 
the mycelium present remains sterile. Infection starts in cool 
damp places, preferably on timber beneath floors which are in 
contact with the ground or close to it. The fungus develops 
most rapidly between the temperatures of 24 and 28° C. ; 
below 24° C. growth is slower, but even at 12-8° C. it makes 
appreciable progress. It would appear to be particularly 
widespread in the United States, and attacks both coniferous 
and deciduous woods. Where the mycelium grows up through 
cracks in the affected "wood it may form orange cushions. 
The fresh sporophores measure about 2 cms. in diameter and 
are at first orange-coloured to olive-grey. Later, when they 
harden and become leathery, they are sepia to brownish-black 
or liver-coloured. When young and succulent they are an 
easy prey to insects and bacteria, the former probably assisting 
in the spread of the fungus. Rhizomorphs may be present in 
this species, but, as in the case of Polyporus vaporarius, they 
are little differentiated. When young they are white, later 
becoming brownish-black. They adhere closely to the attacked 
wood. 

Among other dangerous wood destroyers may be mentioned 
Trametes pini, Goniophora cerebella, Lenzites sepiaria, Len- 
zites ahietina, Stereum sanguinolentum, Paxillus panuoides, 
and Lentinus lepideus. A fuller list of such fungi is given 
in Chapter VI. 

The chemical changes occurring in wood as a result of its 
decay form an intensely interesting subject of study not only 
on account of their varied nature, but also because of their 
practical importance, and in view of the theoretical deductions 
which have been drawn from them by Fischer and Schrader 
in their publications on the origin of coal. 

The group of wood-stain fungi which limits its attack to 
the resolution of the cell content of the medullary rays and 
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here, since these types do not seriously affect the hemicelluloses, 
cellulose or lignin. 

The action of wood- destroying fungi on these substances 
has been the object of frequent investigations during the last 
decade and important deductions have been made from the 
results obtained. Usually, however, no account has been 
taken of the fact that the composition of the rotted wood 
largely depends on the particular type of fungus responsible 
for the decay. In reviewing the work already done it is 
essential to keep this fact in mind, since many of the results 
obtained are difficult to interpret on any other basis. Where 
it is a question of utilizing the results obtained for deductions 
of a theoretical nature future investigations should undoubtedly 
be limited to a study of wood decayed by pure cultures of 
fungi, Malenkovic very ably emphasizes this in his studies 
of the action of Gonio]pliora cerehella. The principle has been 
adhered to in some of the recent investigations, for instance, 
in those of Johnsen and Lee^^ and of Bray and Andrews 

A fairly comprehensive account of the chemical changes 
occurring in wood as a result of its decay under natural 
conditions is given by Rose and Lisse These workers en- 
deavoured to establish the changes involved by determining 
the effect of the decay upon the cellulose and the lignin by 
measuring the changes in solubility of the wood in hot and 
cold water, the increase in alkali solubility, the ether solu- 
bility, and the ash content after decay. For this purpose Rose 
and Lisse selected samples of Douglas fir, partly in a sound 
condition and partly in progressive stages of decay. The 
result of their analyses brings them to the conclusion that the 
changes occurring are progressive and very profound. Even 
where the wood had altered very little in structural appear- 
ance the chemical changes were easily measurable by analysis, 
an important point, no doubt, for the early diagnosis of the 
presence of decay in wood. 

The cold-water soluble portion of the yp’ood, doubtless con- 
sisting largely of water soluble carbohydrates, was found to 
decrease at an early stage in the decay, falling from 4-03 
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decayed sample which had not been exposed to extraction by 
cold water during storage. In the completely rotted sample, 
which might have been thus exposed during storage, the cold- 
water soluble part still remained at 1-16 per cent. 

The solubility, both in hot water and in dilute alkali, 
increased with the progress of the decay, the latter more than 
three times, from 10-61 to 38-1 per cent, in partly decayed 
wood. In -completely rotted wood the alkali solubility reached 
a figure of 65-31 per cent. Rose and Lisse attribute this 
increase to a destruction of the cellulose content^ which they 
found to decrease from 58*9 per cent, in the normal wood to 
8-47 per cent, in the fully decayed sample. The pentosan 
content of the lignin fell from 7*16 per cent,, through 6-79 
per cent, in the partly decayed, to 2*96 per cent, in the com- 
pletely rotted wood, while the methyl-pentosan and the 
methoxyl groups, calculated on the dry weight, increased 
respectively from 2*64 per cent,, through 3*56 per cent., to 
6*06 per cent, in the completely decayed samples, and from 
3*94 per cent., through 5*16 per cent, to 7*8 per cent. This, of 
course, was not due to an actual production of these substances 
during decay, but to the rapid disappearance of other con- 
stituents of the wood. The figures, both for methyl pentosans 
and for the methoxyl groups, do not definitely prove that 
these substances had been left unattacked. On the contrary, 
the greater increase of methyl pentosan (more than 120 
per cent.) as a result of the decay than of methoxyl groups 
(just under 100 per cent.) points to a slight destruction of the 
latter. Similar results were obtained by Mahood and Cable 
in an analysis of a sample of ground wood-pulp attacked 
by Paxillus iMnuoides, and by Johnson and Hovey^’’’, who 
worked with wood attacked by Fomes igniarius. This fungus 
was stated by von Schrenk and Spaulding to be responsible 
for the destruction of lignin in the attacked wood. J ohnsen 
and Hovey however, find that this is not so, and that it is the 
cellulose which becomes decomposed, with a corresponding 
relative increase in the lignin content. That other constituents 
of wood may succumb to the enzymatic activity of fungi was 
shown by Acree who analysed spruce wood stored in stacks 
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for twelve montlis, and found that the wood had lost 75 per 
cent, of its methoxyl groups and 65 per cent, of its methyl 
pentosan, as well as 80 per cent, of its pentosan and 76 per cent, 
of its cellulose. At the same time the solubility in hot water 
had increased by 146 per cent. Bray and Andrews working 
with pure cultures, confirm the observations that part of the 
methoxyl groups are removed during decay and also point 
out that decayed wood reduces Fehling’s solution more than 
does normal wood. This indicates an accumulation during 
decay of hexoses or pentoses or possibly of both. In the case 
examined by Bray and Andrews the methoxyl content fell to 
2-8 per cent, as a result of the decay, a loss which, practically 
speaking, covered the loss of lignin — 3 per cent.— observed by 
them. There are other cases on record, however, in which 
a far greater loss of lignin could be detected during decay and 
in which the cellulose content, calculated on the dry weight of 
the rotted wood, had materially increased. Thus Johnsen and 
Lee found that a sample of wood destroyed by Trametes pini 
showed an increase in cellulose of 15 per cent., with a decrease 
in lignin of 30 per cent. A destruction of lignin, or of sub- 
stances extracted from the lignin constituents of wood with 
hot alcohol, was observed by Gatin and Molliard in the case 
of Xylaria Jiypoxylon. Though quantitative data are not 
available, it is to be expected that most, if not all, white rots 
are responsible for a similar decrease in the lignin content of 
the attacked wood, and probably for a corresponding increase 
in the cellulose content. It must be left to future investiga- 
tions, however, to show whether such increase in the cellulose 
content corresponds to an increased yield of cellulose when 
white rotted wood is converted into chemical wood pulp. 
Johnsen and Lee express the opinion that wood decayed by 
Trametes'' pini does give higher yields of sulphite pulp, but 
supply no experimental evidence in support of this statement. 

In the vast majority of cases decayed wood, even in the 
incipient stage, is inferior to sound wood for all manufacturing 
purposes, including the production of wood-pulp and paper. 
This has repeatedly been shown during the last decade. The 
inferiority of the rotted wood is due not only to the loss of 
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substances incurred through decay, but equally, if not more 
so, to the chemical and physical changes of the_ remaining 
tissues, which have become incapable of withstanding the 
drastic processes to which wood has to be subjected for con- 
version into pulp. The inferiority of decayed wood is already 
noticeable in screening, when converted into chips preliminary 
to grinding. Here Kress, quoted by Johnsen and Lee found 
a loss of material of 5-62 per cent, in sound spruce, as compared 
with 13-22 per cent, to 15-6 per cent, in partly decayed, and 
17-02 per cent, in badly rotted spruce. The grinding of the 
rotten chips gave rise to a much shorter fibre, in Kress, Hum- 
phrey, and Bichards’s experiments, the fibre length averaging 
0-25 mm. against 1-09 mm. in sound pulp. The paper made 
from the rotten pulp was dark coloured and of poor strength, 
the bursting strength being two and a half times less than 
that of paper, made from sound wood. The losses of material 
on conversion into ground-wood paper were twice those 
incurred when using sound wood. . The figures quoted relate, 
of course, only to the samples of decayed wood used in those 
particular cases, and they may be higher or lower, according 
to the degree of destruction shown by the wood. On the 
whole it is more reliable, therefore, to follow Hawkins and 
to determine the losses on samples of wood consisting of sound 
wood, but containing a definite percentage of coriipletely 
decayed wood. In the case of a material of this description, 
containing 12 per cent, of rotten wood, Hawkins obtained 
0-88 ton of ground pulp per cord as against 0-92 ton per cord 
of sound wood. On conversion into sulphite pulp the same 
sample yielded 0-483 ton per cord as against 0-542 ton per cord 
of sound wood. In spite of the greater losses incurred in 
the latter case, Hawkins, and many investigators with him, 
advocates the utilization of decayed wood for sulphite pulp 
preparation, rather than for ground wood-pulp, since the dark 
colour and the dirt, for which it is responsible, is less notice- 
able after chemical treatment than after mechanical preparation 
of the pulp. 

In subjecting decayed wood to the sulphite treatment“it 
should not be overlooked that a larger amount of chemicals is 


required than in the case of sound wood. Sutermeister 
reports that the increased cost in this respect varied from 
0*6 to 1-6 per cent, for every 1 per cent, of rotted wood present. 
He, as well as Johnsen and Lee found that the bleached 
fibres prepared from rotted wood became more easily disin- 
tegrated — hydrated — than normal bleached fibres, and there^ 
fore suffered more under prolonged bleaching. He also records 
that the colour of the fibres prepared from decayed wood was 
much darker than that of fibres of sound wood, in spite of the 
use of a higher percentage of bleaching material in the former 
case. 

The discoloration of the fibres of decayed wood is not 
due entirely to caramelization or charring of the cellulose 
during the chemical treatment. Howard has shown that it 
may be the result of changes in the wood caused by the 
enzymes of the fungi. It is probable, therefore, that even 
wood which has suffered no more serious damage than a dis- 
coloration through the action of wood-stain fungi may be 
inferior as a raw material for paper making. McCubbin''*^ 
suggests that a discoloration of the finished pulp may be 
traced to the presence of dark-coloured mycelial threads which 
have remained undecomposed in spite of the chemical treat- 
ment of the raw material. 

While lower fungi such as Alternaria, Stemi^hylium, Peni- 
cilliiLm, As'pe^'gillus, and Gladosporium take little direct part 
in the destruction of timber and are present in rotten wood 
chiefly as secondary infections (Hubert ®), living on the decom- 
position products of the wood destroyed by higher fungi, their 
importance becomes greatly increased when once the timber 
has been converted into pulp. Blair who studied- the suscep- 
tibility of wood-pulp to destruction by lower fungi, found that 
all types of pulp, ground-wood as well as chemically treated 
pulp, were liable to attack. Incidentally, he points out that 
the mycelium ' in some cases ’ may be produced within the 
fibres, thus implying that it usually develops on their surface. 
The attack of the lower fungi originates, as in the case of the 
mildewing of fabrics, as isolated growths on the pulp, which 
gradually produce a dark grey, black, greenish, yellow, or even 


deep pink discoloration. The pigments thus formed, according 
to Blair, are a source of serious damage, since they may spread 
throughout the pulp on its treatment preliminary to conversion 
into paper and thus cause a discoloration of the paper made 
from it. 

As in the case of the destruction of the cellulose by higher 
fungi, the enzymes secreted by these lower forms frequently 
hydrate the cellulose of the pulp, converting it into cellobiose 
and glucose, and finally oxidizing it into carbon dioxide and 
water. The nature of these changes and their bearing on the 
physical properties of the damaged fibres have already been 
discussed in previous chapters. 

A study of the microflora of paper was carried out by See 
who has also published a monograph on the subject contain- 
ing much important information. He has shown that only 
a comparatively small number of the numerous lower fungi, 
which from time to time have been stated to develop on paper, 
can be regarded as true paper inhabitants. Adopting a tech- 
nique which excluded the infection of the examined samples 
by air-borne spores of micro-organisms, S^e obtained the 
following fungi from a number of difierent types of paper, 
including old manuscripts and books : 

Cliaetomium Kunsseanum, Zopf. 

,, bostrychodes, Zopf. 

,, chartanim, Berkeley. 

Myxotrichum cJiartanm, Kunze. 

JEidamella spinosa, Matruchot et Dassonville. 

Aspergillus sulphureus, Desmaziferes. 

,, brunneofuscus, n, sp. 

Acrostalagmus cinnabarinus, Corda. 

Spicaria elegans, Gorda, var. nov. flava. 

CeplialotJiecium roseum, Gorda, var. /3 Matruchot. 

Torula chartarum, Link. 

Stachyboirys atra, Gorda. 

Dematium puUulans, de Bary. 

Gladosporium herbarum, Persoon. 

StempJiylium macrosporoideum, Berkeley. 

,, botryosum, Wallroth. 

,, piriforme, Bonorden. 

,, verruculosum, Zimraermann. 

,, graminis, Corda. 

Alternaria polymorpha, Planchon. 

u 
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Alternaria charfarum, Preuss. 

,, varians, Planchon. 

„ humicola, Oudemans. 

Stysanus stemonites, Persoon. 

Fusarium species I. 

„ species II. 

In addition, one species of Actinomyces was isolated. The 
description given of this organism is, however, not sufficiently 
detailed for it to be classified. 

Of the fungi mentioned, the Stemphylium and the Olado~ 
sporium species occurred most frequently. The Ghaetominm 
species were also very common. The Stachybotrys, FusctTium, 
Alternaria^ and Stysanus species, Acrostalagmus cinnahari- 
nus and Torula chartarum were rather less frequent. Spicaria 
elegans, Cepkalotkeciuni roseum, and Myxotrichum chartarum 
were comparatively rare. Dematium pullulanS) Aspiergillus 
brunneofusGiLS, nnd Aspergillus sulphureus were only met with 
once. 

A microscopic study of the paper samples on which these 
various micro-organisms were found showed that the organisms 
had been present in the paper during the process of its manu- 
facture, entangled between the fibres, either in the form of 
mycelial threads or as spores. Their presence as mycelial 
threads also proved that conditions had been favourable for 
their growth prior to the drying of the paper, probably while 
still in the pulp stage. The time during which they could 
remain dormant in the finished paper must have been con- 
siderable and in some cases probably several years. 

Their activity could be revived by placing the paper under 
suitable conditions of moisture and without any addition of 
food materials. Incubation of the infected papers at room 
temperature, and in suitable containers with distilled water, 
was sufficient to cause the pre-existing mycelium to spread 
and the spores to germinate. As a result, the paper became 
markedly mildewed within a few weeks. 

Many of the fungi were found to produce characteristic 
soluble pigments which penetrated deeply into or through the 
paper, while in other cases the spores or the mycelium were 
characteristically coloured. The changes produced in the 
papers are shown in tabular form in Table II. 



TABLE II 


Type of fungus. 

Aspergillus brunneofuscus 

Torula chartarum 
AUernaria chartarum 
Siachybotrys atra 


Discoloration produced. 
Purplish-black 
Soot black 

Blackish-grey or blackish 
Blackish-green or black 


Colour of pigment formed . 

Brown-red with violet 
shading 

Nil 

Nil 

Greenish-grey or 
brownish 


Chaetomium bostrychodes 
Ohaetomium charlarum 

Chaetomium Kunzeayium 
Cladosporium herbarum 

Stemphylium macrospo- 
roideum 

Stemphylium bolnjosu m 
Stemphylium piriforme 


Green-broAvn to deep olive Yellowish 

Olive-bi*own with brownish Nil 
black or blackish parts 

Brownish-black 

Blackish-grey, black or 
brown ish-gre en 


Yellowish-brown 

Nil 


Nil 


Stemphylium vorrucido- 
sum 

Stemphylium graminis 




Vei-y deep brown, at times 
almost black 




Nil 


AUernaria varians 
AUernaria humicola 


Yellowish or brown^ 
ish, little marked 


Nil 


Shjsanus stemonites 
AUernaria polyynorpha 


Deep brown with black zones 


1 Nil 
Nil 


Myxotrichum chartarum 
Eidamella spinosa 


Deep brown 


I Yellow or brownish 

I Nil 


Spicaria elegans, var. 
flava 


Light brown 


Yellowish or very 
light brown 


Aspergillus sulphureus 


Yellow-brown 


Yellow-brown' or rust 
red 



Acrosialagmus cinnabari- 
nus 

Cephaloihecium roseum, 
var. S Matruchot 


Yellow-red or ochre red 

Tea-rose coloured to salmon 
pink 


FusariumlSo. II 


Bed, brown to deep brown 


Yellowish to slightly 
orange 

Yellowish and slightly 
pink 

At first pink, then red- 
dish-purple, rust red 
and finally brown , 


u 2 
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The remaining types did not show discoloration or pigmenta- 
tion. 

As a result of the attack, the paper became weakened and 
could in extreme cases be rubbed into a powder when dry. 
Staohybotrys atm appeared to be particularly active in this 
respect. 

Having followed the destruction by micro-organisms to 
which wood is exposed from the felling of a tree to its conver- 
sion into paper, there remain to be discussed three questions 
connected with the decay to which sufficient attention has not 
yet been paid. One of these bears on the factors governing 
the rate of decay under natural conditions, the second on the 
methods available for the diagnosis of decay in wood, and the 
third on the identification of the fungi responsible for the 
decay. 

Information gathered from the available literature shows 
that the rate of decay is intimately connected with the 
existence of suitable moisture and temperature conditions, but 
also indicates that it is dependent to some extent on the 
nature of the wood and on the responsible fungi, as well as on 
the reaction of the wood. 

That a suitable temperature (not exceeding 35° C.) and 
moisture content (from 40 to 50 per cent.) are essential is 
obvious, and has already been emphasized. Under favourable 
conditions Mitchell ® found mine timber completely destroyed 
in a few months. In tropical forests, where hot and moist 
conditions prevail, the decay of fallen trees no doubt proceeds 
at the same rapid rate, except when the fallen trunks become 
waterlogged. Then fungal activity becomes completely 
arrested. This is of the greatest importance in interpreting 
the part played by micro-organisms in the formation of peat 
and coal. 

The efiect of the nature of the wood on the rate of 
decay must be ascribed to the protective action of a heavy 
lignification (Zeller ®), the rate of decay being inversely 
proportional to the density of the wood. Resin does not, ac- 
cording to this authority, possess antiseptic properties, but 
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it prevents the imbibition of water and thus retards the rate 
of decay. 

The influence of the fungi on the rate of decay is governed 
by their power of secreting hydrolysing enzymes rather than 
by their rate of penetration of the attacked wood. For 
example, Lagerberg^° found that Stereum sanguinolentum, 
which spreads very rapidly through wood, is comparatively 
slow in its destructive action. Secondary infections with 
saprophytic bacteria, which by themselves do not destroy 
wood, were found to increase the rate of decay materially in 
a case observed by Schmitz ^ 

The effect of the reaction of the wood on its rate of decay 
may be summarized by stating that though fungi prefer a 
slightly acid reaction, the presence of alkaline salts in small 
quantities stimulates the rate of decay. Such stimulation was 
observed by Schmitz in the presence of sodium carbonate. 
When the reaction becomes too acid the rate of decay is ad- 
versely affected. Thus Meacham observed a deflection in 
the growth-curve of wood-destroying fungi at a pH of 2-5, 
and a complete cessation of growth at a pH of 1-38. Since 
the decomposition of wood by fungi results in the production 
of organic acids, among them oxalic acid, it is probable that 
the stimulating effect of sodium carbonate observed by Schmitz 
may be ascribed to its neutralizing effect on these acids. 
A similar reason may be given for the favourable action on 
the rate of decay exercised by the presence of saprophytic 
bacteria. 

Taking into account the influence of these various factoi’s 
on the rate of decay it will be appreciated that no very reliable 
data can be supplied as to the time for which an infected piece 
of timber may be able to withstand the action of destructive 
fungi. Under one set of conditions it may be able to do so 
for years, whilst under others it may succumb in a few months. 
In a case examined by Bray and Andrews fungi destroyed 
from 10-3 to per cent, of the attacked wood in six 

months, 49-5 per cent, in twelve months, and 62-4 per cent, in 
three years. Somewhat more detailed data collected from 
laboratory experiments are supplied by Hubert They are 
recorded below in tabular form. 
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TABLE III 


Bate of Development of Decay in Wood. 


Fungus. 

Type of rot 
caused. 

Host. 

Pate of inocu- 
lation of host. 

Date of examination 
and result. 

Fomes igniarius 

White 

spongy 

rot 

Pinus strains 
+ water 

15.12.1922 

15.6.1 923, incipient 
rot and zone lines 

Fames igniarius 


Populus iremu- 
loides + water 

16.12.1922 

1.1 0.1923, incipient 
and typical rot, 
zone lines 

Fomes lands 

Brown 

cuhical 

rot 

Picea sitchensis 
+ water 

17.8.1923 

1.10.1923, incipient 
and typical rot 

Fames larids 

3J 

Pinus siroius 
+ water 

17.3.1923 

1.10.1923, incipient 
and typical rot 

Fomes roseus 

M 

Spruce + water 

10.3.1921 

February 1922, ty- 
pical rot 

Ganoderma isia. 
gae 

White 

pocket 

rot 

Picea sitchensis 
+ water 

14.8,1923 

24.10.192.3, inci- 
pient and typical 

I'Ot 

Hymenochaeia 

rahiginosa 

J J 

Populus iremu- 
loides 

14.4.1923 

1.10.1923, incipient 

stage 

Lentinus lepi- 
deus 

Brown 

cubical 

rot 

Pinus strohxis 
+ water 

14.3.1923 

1.10. 1923, incipient 
and typical rot, 
badly decayed 

Lenziies sepia- 
ria 

?7 

Picea sitchensis 
+ water 

16.12.1921 

6.1.1922, typical 
rot 

Pholiola adiposa 

Brown 

mottled 

rot 

Tilia americana 
+ water 

10.1.1922 

3.8.1923, incipient 
and typical rot 

Pleurotus ostrea- 
tus 

White 

spongy 

rot 

Populus tremu- 
loides + water 

16.12.1922 

6.1.1923, typical 
rot and dimidiate 
sporophores 

Polyporus adu- 
stiis (?) 

JJ 

Populus tremu- 
loides, sap- 
wood + water 

17.3.1923 

1.10.1923, incipient 
and typical rot, 
zone lines 

Polyporus adit- 
shis (?) 


Populus tremu- 
loides, heart- 
wood + water 

17.3.1923 

16.5.1928, typical 
rot and zone lines 

Polyporus ama- 
rus 

Brown 

pocket 

rot 

Picea sitchensis 
+ water 

16.12.1922 

16.5.1923, incipient 
discoloration, no 
typical rot 
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Fungus. 

Type of rot 
caused. 

Host. 

Date of inocu- 
lation of host. 

Da,te of examination 
and result. 

Polyporus anceps 

White 

pocket 

rot 

Picea canaden- 
sis + water 

16.12.1922 

15.6.1923, typical 
rot and poroid 
growths shed- 
ding spores 

Folypoi'iis balsa* 
mens 

Brown 

cubical 

rot 

Picea canaden- 
sis + water 

16.12.1922 

15.6.1923, incipient 
and typical rot 

Polyporus elli- 
sianus 

White 

pocket 

rot 

Picea sitchensis 
+ water 

16.12.1922 

1.10.1923, incipient 
and typical rot 

Polyporus piloiae 


>) 

14.3.1923 

1. 10. 1923, incipient 
rot 

Polyporus schioei- 
nitzii 

Brown 

cubical 

rot 

Spruce + water 

16.12.1921 

15.3. 1923, incipient 
rot 

1.10.1923, typical 
rot 

Polyporus 

( = Polysticius) 
siipiicus 

White 

pocket 

rot 

Picea canaden- 
sis + water 

3.4.1923 

16.6.1923, typical 
rot and poroid 
growths 

Polyporus sul- 
phureus 

Brown 

cubical 

rot 

Picea sitchensis 
+ water 

16,12.1922 

16.6,1923, incipient 
and typical rot 

Polyporus suh 
phureus 

)) 

Spruce. + water 

1 

11.3.1922 

18.11.1923, inci- 
pient and typical 
rot 

Polysticius versi- 
color 

White • 
spongy 
rot 

Populus tremu- 
loides, sap- 

wood -h water 

17.3.1923 

17.6.1923, typical 
rot 

Slereum sulca- 
tum 

White 

pocket 

rot 

Pinus sirobus 
+ water 

14.3.1923 

8.1.1924, typical 
rot 

Trametes carnea 

Brown 

cubical 

rot 

Spruce + water 

16.12.1921 

26.10.1922, typical 
rot and poroid 
growths 

Trameies carnoa 

? » 

Pinus sirobus 
+ water 

14.3.1923 

1.10.1923, incipient 
and typical rot 

Trametes pini 

White 

pocket 

rot 

Spruce + water 

16.12.1921 

26,10.1922, typical 
rot 

Trametes seri- 
alis 

Brown 

cubical 

rot 

Picea sitchMsis 
+ water 

15.12.1922 

1.10.1923, incipient 
and typi calrot and 
poroid growths 
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A second very important subject connected with the fungal 
destruction of wood is that of the methods available for the 
diagnosis of decay, particularly during its early or incipient 
stage, where structural changes in the wood are few and 
difficult to discover. 

With the advent of aeroplane manufacture this subject has 
become particularly important, as infected wood must on no 
account be used in the construction of aircraft. A very inter- 
esting paper on the decay and discoloration of aeroplane wood 
has been published by Boyce who remarks that the first 
indication of decay usually consists of a discoloration of the 
infected wood, though all discolorations are not necessarily 
the result of decay. Thus marked discoloration, particularly 
of the sapwood of living trees, usually accompanies wounds 
caused by lightning, by larvae of insects living in the cambium 
during the growing season, and by sap-sucking birds. For 
practical purposes wood discoloured in this way is not reduced 
in strength. 

The discoloration resulting from incipient fungal decay is 
found in both sapwood and in heartwood. Little is known, 
Boyce remarks, of the nature of the fungi causing decay in 
finished aeroplanes. Undoubtedly the chief forms are those 
commonly attacking manufactured wood products, e.g. Meru~ 
lius lacrymans, the brown Lenzites, and the rose-coloured 
Fomes. Fungi decaying the heartwood of living trees are not 
commonly found in wood used for aeroplane structures. Where 
they do occur they are effective proof that the wood used was 
originally infected, and that sufficient care had not been 
exercised in eradicating the seat of infection. Decay in 
wooden aeroplane parts has become far more important in 
recent years, since large numbers of spare parts have often to 
be stored for a long time. Such parts should, in Boyce’s 
opinion, be kept under conditions which will permit of good ' 
ventilation and will ensure that the moisture content of the 
wood does not exceed 11 per cent. Aeroplanes in use, quite 
apart from those employed in very damp tropical climates, are 
in parts exposed to decay, particularly near the engine and 
around the base of the wings, where an increased humidity 
and a somewhat higher temperature prevail. 
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The changes caused in wood through fuugal attack are 
visible macroscopically when sufficiently advanced, but in the 
earlier stages are often only discernible under the microscope. 
Both the macroscopic and the microscopic changes may be 
made use of for the diagnosis of the decay. 

As to the macroscopic changes, Hubert like Boyce, em- 
phasizes the importance for the diagnosis of decay of the 
appearance of discoloration in suspected samples of wood. 
These discolorations are often striking, as for instance in the 
white rot caused by Trwmetes pini, where the heartwood 
becomes discoloured a dark red, brown, or even purplish tint 
during the incipient stage. In white rots, so termed because 
the attacking fungi destroy the lignin of the wood and leave 
the cellulose apparently undamaged, the discoloration often 
appears as zone rings delineating the extent of the activity of 
the invading mycelium. In brown rots, in which the cellulose 
of the wood becomes more or less completely decomposed 
while the lignin is little affected, zone lines are rare during the 
incipient stage (Hubert). 

Zone lines may occur on the border line between the 
development of two separate fungi in cases where wood has 
suffered a mixed infection. In such cases they are broader 
than those occurring in white rots during the incipient stage. 
The appearance of zone lines is ascribed by Hubert to the 
oxidation and desiccation of the decomposition products of the 
destroyed wood. They are best seen in transverse dry sections 
of wood attacked by a white rot fungus (see Fig. 18). 

Where the fungal attack causes no discoloration, changes in 
the texture of the wood may give information as to the 
presence of incipient decay. Thus sound wood, in Hubert’s 
experience, pulls out with a more splintery appearance and 
shows greater elasticity than infected wood. 

Indisputable evidence of decay is available where a micro- 
scopic examination of sections of wood reveals the presence of 
perforations of the cell walls, produced by the hyphae of 
wood-destroying fungi. A case of such perforation of the cell 
walls is shown in Fig. 16. 

Since the structure of the perforations, or boreholes, is 
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frequently typical for the particular fungus producing them, 
their presence becomes a means not only of diagnosing decay, 
but also of assisting in the identification of the type of fungus 
responsible for the decay. Hubert records some interesting 
observations on this subject. Thus the boreholes may be 
small during the incipient stage and increase in diameter as 
the decay progresses. In other cases where that part of the 
hypha which occupies the borehole is constricted, the diameter 
of the hole changes little as it grows older. Here the perfora- 



PiG. 22. Radial section through heartwood of Pinus 
strolus infected with Trameks pint. Magnifica- 
tion about X 360. (Prom Hubert, ‘ The Diagno- 
sis of Decay in Wood’, J. Agric. Res , vol. 29, 
p. 623, 1924.) 

tions form cylinders of uniform diameter, and are placed 
perpendicularly to the surface of the cell walls. The white^ 
rot caused by Trametes pint shows this type of boreholes, 
which are illustrated in Fig. 32. 

In other types of rot the boreholes have irregular outlines 
and often resemble an hour-glass ; see Fig. 23. 

The hour-glass shape seems to be a general feature in the 
case of boreholes which are twice to several times larger in 
diameter than the hyphae passing through them, Hubert 
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suggests that this peculiar shape is due to the greater resis- 
tance to decay of the middle lamellae of the cell walls, an 
explanation which does not appear satisfactory, since the 
middle lamella is usually recognized as the least resistant part 
of the cell wall. As the decay progresses the number of bore- 
holes increases, and it is possible to judge the extent of the 
decay from their frequency. 

Frequently the hyphae which have formed the boreholes 
are not visible during the 
incipient stage without 
special treatment owing to 
their hyaline nature. To 
facilitate their observation 
various staining methods 
have been suggested., 

Diemer and Gerry for 
instance, recommend the 
treatment of sections of 
the wood with a dilute 
solution of silver nitrate. 

This method, though ex- 
cellent in the manner in 
which it differentiates the 

dark-stained, almost black, hyphae from the background of 
the more or less unstained wood, suffers from the disadvantage 
that it requires from twelve to twenty-five hours to carry 
out. Under routine conditions where a large number of 
wood samples have to be examined this is a distinct draw- 
back. For such purposes Hubert has devised a quicker 
staininff method. 


Fig. 23. Boreliolos produced by Fomcs 
fomentarius in Betula jpapyrifera. Magni- 
fication about X 800. (Prom Hubert, 
‘The Diagnosis of Decay in Wood’, 
J. Agric. Res., vol. 29, p. 523, 1924.) 


By this method the samples of wood, consisting of 1 c.c. pieces, 
are boiled in water for half an hour and then soaked until 
sufficiently soft in a mixture of equal parts of glycerine and 70 
per cent, ethyl alcohol. Sections are cut from the cubes and 
treated as follows : 

The sections are first flooded with a Bismarck brown solution (2 
per cent, in 70 per cent, alcohol) for one to two minutes according 
to the type of wood and its density, the thickness of the sections, 
and the stage of decay. The excess stain is drained off, and the 
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sections washed with distilled water. They are then flooded for 
two to five minutes with a solution of methyl violet, made by 
mixing four parts of saturated aqueous solution of methyl violet 
with twelve parts of distilled water. In some cases it is necessary 
to use the methyl violet solution undiluted, and to stain for one 
to two minutes. 

After staining, the sections are again washed in distilled water 
and examined, mounted in water, under the microscope. If the 
violet colour is found to be faint, the methyl violet staining 
process should be repeated. If the counter-stain (Bismarck brown) 
is faint, the whole procedure should be repeated. When the depth 
of stain is sufficient the sections are dried slowly on a warming 
plate after covering with a cover-glass to prevent curling. Curled 
sections may be fixed with egg albumen or gum arabic. The 
finished sections are mounted in balsam. On microscopic 
examination the hyphae will be found dyed a deep violet, while 
the cell walls of the wood are yellow to brown. Wood tissues 
showing exposed cellulose stain slightly with the methyl violet, 
giving a mixed brown and violet colour. The content of the 
medullary rays and the boarded pits of conifers usually stain 
a violet colour. 

In addition to boreholes a microscopic examination of 
attacked wood will often show spiral cracks and corrosion 
marks in the cell walls, which Hubert considers valuable for 
diagnostic purposes, at least when hyphae are also present. 

Though the chemical changes set up in an attacked sample 
of wood by the action of infecting fungi are limited to the 
area within the discoloured zones, the hyphae of the fungus 
often reach beyond them, sometimes for a considerable dis- 
tance. By examination under the microscope and by cultural 
experiments with sections of attacked woods taken beyond 
the area of decay, Hubert established that the hyphae of 
Poly 2 :)orus schweinitzU in Picea sitchensis may reach 63*5 cms. 
into the apparently sound wood. Other fungi, such as Pomes 
igniarius in Populus tremuloides, reach from l-Q to 5*2 cms. 
beyond, while the hyphae of Trametes pini in Pinus montieula 
are confined within the zone of visible decay. Hence, when 
Boyce suggests that the seat of infection may be effectively 
eradicated by the removal of all wood lying within 60 cms. in 
a longitudinal direction of the last visible signs of incipient 
decay, he does not allow a sufficient margin for such dangerous 
types of wood destroyers as Polyp)orus schweinitzU. 


WOOD AND WOOD-PULP 


301 


TABLE IV 


Diagnostic characters of various wood-destroying fungi. 


Fungus, 


Brown rot. 

Zone lines. 

Large boreholes. 

Small boreholes. 

Spiral cracks. 

S 

O 

o 

IS 

« ■§ 
e -S 

-S 

O 

-fia 

0 . 

-SJ 

1 
s 

o 

Old hyphae with little or 
no constriction. | 

Olamp connexions 
noted. 

Medallion hyphae. 

Armillaria mellea 

+ 

— 

+ 

— 

+ 


— 

+ 

+ 

Nil 


Fchinodoniium 

tinctorum 

- 

+ 

+ 

+ 

- 

- 

+ 

- 

- 

+ 

~ 

Femes annosus 

+ 

- 

- 

- 

+ 

- 


+ 

- 

Nil 

- 

Fames applanaius 

+ 

- 

+ 

- 

+ 

- 

- 


- 

- 

- 

Fames connatus 

+ 

- 

+ 

+ 

- 

-- 

+ 

- 

- 

*1“ b 

- 

Fames everhariU 

+ 

- 

+ 

- 

- 

- 

- 

- 

- 

- 

- 

Fames fomentarius 

+ 

- 

+ 

+ 

- 

- 

+ 

— 

- 

Nil 

- 

Fames 

fraxinaphilus 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

- 

+ 

- 

Fames fulvus 

- 

+ 

+ 

+ 

- 


+ 

- 

- 

- 

- 

Fames igniarius 



+ 

+ 

- 

- 


- 

- 

Nil 

- 

Fames laricis 

- 

+ 

H 

+ 

- 

+ 

+ 

- 

- 

"f 

- 

Fomesnigrolimitatus 

+ 

- 


- 

+ 

- 

- 

- 

+ 

Nil 

- 

Fames pinicala 

- 

”h 

H 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

Fames raseus 

- 

+ 

H 

+ 

- 

+ 

+ 

- 

- 

+ 


Ganoclerma curtisii 

+ 

-• 

+ 

- 

- 

- 

- 

- 

- 

+ 

- 

Ganoderma tsugae 


- 

+ 

- 

- 

- 

+ 

+ (5 

+ 

+ 

- 

Ilyclnum 

sepienirianale 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

- 

Nil 

- 

Jlymenochaeta 

ruhiginosa 

+ 

- 

+ 

+ d 


- 

+ 

- 

+ 6 

Nil 

- 

Lentinus lepideus 

0 

+ 

- 

+ 

- 

+ 

+ 

- 

- 

+ 

+ 

Lenzites belulina 

1 

+ 

- 

"f~ 

- 

+ 

, 

+ 

- 

- 

- 

- 


Syphae beyond inci- 
pient colour. 
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TABLE IV {continued) 


Fungus. 

While rot. 

Brown roi. 

Zone lines. 

Large boreholes. 

Small boreholes. 

Spiral cracks. 

Old hyphae not con- 
stricted (a). 

Old hyphae constricted 
(a). 

Old Ivyphae with little or 
no constriction. 

Clamp connexions 
noted. 

Medallion hyphae. 

Hyphae beyond inci- 
pient colour. 

Lensites segnaria 

-- 

+ 

— 

+ 

— 

+ 

+ 

- 

— 

+ 

+ 

- 

Merulius 

lamjmans 

- 


- 

+ 

- 

+ 

+ 

- 

- 

+ 

- 

- 

Pholiota adiposa 

~ 

+ 

- 

- 

+ 

- 

- 

+ 

- 

Nil 

- 

- 

Pleurokis osirealus 

+ 

- 

- 

+ b 

+ e 

- 

+ f 

+ e 

- 

Nil 

- 

- 

Pleurotus ulmarius 

- 


- 

+ 

- 

+ 

+ 

- 

- 

Nil 

- 

- 

Polyporus adusius 
(inPopvlus&peo.) 

+ 

- 

- 

+ 

- 

- 

+ 

~ 

- 

+ 

- 

- 

Polyporus amarus 

- 


- 

- 

+ 

+ 

- 

+ 

- 


- 

- 

Polyporus anceps 

+ 

~ 

- 

- 

+ 

- 

- 

+ 


+ 

- 

- 

Polyporus 

lalsameus 

- 


- 

+g 

+ 

+ 

+ g 

+ 

- 

+ 

- 


Polyporus herkeleyi 

- 

+ 

- 

+ 

- 

- 

+ 

- 

- 

H - I'j 

- 

- 

Polyporus hetuUnus 

- 


- 

+ 

- 

+ 


- 

- 

Nil 

- 

- 

Polyporus torealis 

+ 

- 

- 

- 

+ 

- 

- 

+ 

- 

Nil 

- 

- 

PoUjporus circinaius 

“h 

- 

- 

-f 

- 

- 

+ 

+ b 

- 

Nil 

- 

- 

Polyporus guUidatus 

- 


- 

+ 

- 

+ 

+ 

- 

- 

Nil 

- 


Polyporus resimsus 


- 


+ 

- 

- 

+ 

- 

- 

Nil 

- 

- 

Polyporus 

robiniophilus 

+ 

- 

+ 

+ 

- 

- 


- 

- 

Nil 

— 


Polyporus 

schweinitzii 

- 

+ 

- 

- 

+ 

+ 

- 

+ 

+ 

Nil 

- 

+ 

Polyporus 

squamosus 

+ 

- 

- 

■i' 

- 

- 

+ 

+ h 

- 

+ 

- 

- 

Polyporus 

sulphurous 


+ 

— 

“h 

— 

+ 

+ 

— 

— 

+ 

— 

— 




I (a) Passage of liypbae through cell walls of host, 

j (b) Rare. 

! (c) In summer wood. 

(d) In vessels. 

(e) In fibres. 

I (f) Pitted tubes, 

j (g) Late typical stage. 

! (h) Only when passing through heavily lignified walls (Buller). 



Hyphae Ueyonci inci- 
pient colour. 
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A summary of some of the macroscopic and microscopic 
changes in wood caused by various fungi is given by Hubert 
and reproduced in Table IV on pp. 301-3. 

A further means of diagnosing the presence of fungi in 
wood, both during the early and the later stages of decay, is 
now available in the various cultural methods which have 
reached a marked degree of perfection during the last few 
years. In carrying out these methods it should be remem- 
bered that wood in advanced stages of decay frequently 
contains a secondary microflora of lower fungi or bacteria 
often outnumbering that of the causative types of fungi. 

A large number of different media, both of an inorganic and 
an organic nature, have been recommended from time to time 
for the cultivation of wood-destroying fungi. 

Of those composed of inorganic salts, the best known is that 
recommended by Czapek (see Fritz It is used preferably 
with the addition of dextrose. In this form it has the 
following composition ; 


Magnesium sulphate . 

Potassium di-hydrogen phosphate 
Potassium chloride . 

Ferrous sulphate 
Sodium nitrate .... 
Dextrose ..... 
Distilled water .... 


0*6 grm. 
1-0 „ 
0-6 „ 
001 „ 
2-0 grms. 
! 0-0 „ 

1 litre 


The simplest and probably the most efficient all-round media 
are wort, strongly favoured by Hubert, and potato-dextrose 
decoction, equally strongly advocated by Fritz 

The various media should for preference be used in the form 
of agar, which gives the necessary firmness for luxuriant and 
rapid development. Malenkovic in his study of Goniophora 
cerebella, strongly emphasizes the necessity for such support. 

The method of preparation of wort and wort agar is that 
usually followed in microbiological technique, and need not be 
given here. Potato-dextrose agar may be prepared according 
to Fritz’s formula ; 

Fotato-dextrose agar. 100 grs. of sliced potatoes and 2 litres of 
distilled water are heated in an autoclave for thirty minutes at 
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15-lb. pressure and the liquid then strained. This potato decoction 
is used to replace the unabsorbed water drained from 25 grs. of 
shredded agar, which has been soaked overnight in 1 litre of 
distilled water. The potato decoction, with the soaked agar, is 
then heated in an autoclave for twenty minutes at 15-lb. pressure, 
and 25 grms. of dextrose added before the mixture is poured into 
flasks or tubes. The tubes or flasks containing the finished 
medium are sterilized for ten minutes at 15-lb. pressure. 

Though most fungi prefer an acid reaction of the medium, 
their range of hydrogen ion concentration is sufficiently wide 
for an adjustment of most media to be unnecessary. When 
a secondary flora of bacteria is present, it is advisable to adjust 
the hydrogen ion concentration to a figure not exceeding 
pH 5*0 in order to check the development of this secondary 
flora. 

The solid media are used either in test tubes as slopes or in 
Erlenmeyer flasks, with a shallow layer of the medium cover- 
ing the bottom. To these tubes or flasks aseptically collected 
samples of the wood to be examined are added and slightly 
submerged in the solidifying medium. The temperature 
selected for incubation should not exceed 30° C. In general, 
22° C. appears satisfactory (Fritz), though some forms such as 
Fames igniarius may show an increased rate of growth and 
intensity of pigment production at 30° C. The presence of 
daylight during incubation, which Long and Harsch found 
advantageous, at least for the formation of sporophores, is not 
necessary (Fritz) for the development of mycelium. 

The isolation of the causative fungus in pure culture is most 
successfully achieved either from the. spores of the sporophore 
or from wood in the early stages of decay, before the appear- 
ance of a secondary microflora. As a measure of protection 
against the appearance of infections, the first culture obtained 
from a sample of suspected wood can be purified by carefully 
transplanting selected pieces of mycelium to fresh media. 

While the diagnosis of fungal decay in wood can to-day be 
established with a considerable degree of certainty, the sub- 
sequent identification of the causative fungus is still often a 
matter of great difficulty. Until quite recently such identifica- 
tion was usually possible only in the^presence of sporophores, 

X 
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Since the identification was based on the nature of these bodies, 
on their presence in the proximity of the area of decay, and 
to some extent on the characteristics of the attacked wood. 
Fritz in her valuable paper on the cultural criteria available 
for the distinction of wood-destroying fungi, very rightly points 
out that the presence of a sporophore on the exterior of attacked 
wood is not necessarily a guarantee that this fruiting body 
has been produced by the mycelium causing the decay^ It is 
conceivable also, as she points out, that different types of fungi 
may cause similar changes in an attacked wood. 

Following Long and Harsch^^, who were the first to probe 
the possibilities of constructing a system for the diagnosis of 
unknown rots on the basis of the diagnostic characteristics of 
their cultural properties, Fritz proposes to employ for this 
purpose, to a much greater extent than has hitherto been done, 
the peculiarities of the vegetative organs of wood-destroying 
fungi when grown in pure culture on artificial media. From 
the point of view of the microbiologist this proposal must be 
welcomed as being much more in keeping with general micro- 
biological practice than the methods hitherto followed. 

How successfully the diagnostic characters of pure cultures 
can be used for this purpose Fritz demonstrates in the case 
of those fungi which produce heart rot in Abies bcdsamea, 
a common rot met with in the forests of certain parts of 
Canada. Fritz’s work will be quoted in some detail to illus- 
trate the methods which must be adopted in extending the 
principle of wood- rot classification by cultural means. 

The characters which may be of diagnostic value are both 
macroscopic and microscopic. The macroscopic features in- 
clude the texture of the mycelium grown in pure culture, its 
colour, its rate of growth, and the manner in which it spreads 
over the surface of the agar. The microscopic characters 
comprise the types of hyphae, their colour, the method and 
frequency of their branching, their septation, the occurrence 
and type of clamp connexions, as well as the production of 
secondary spore forms. Other points such as the odour, typical 
for some forms, may also be considered. 

In order to obtain results of value for comparative purposes, 
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standard methods were adopted by Fritz for the cultivation of 
the fungi. « The laiedium selected as suitable from the point 
of view of easy preparation and general serviceability was 
potato-dextrose agar, prepared in the manner already de- 
scribed.. The fungi were grown in test tubes measuidng 2-3 by 
15 cms., 15 c.cs. of the medium being contained in each. The 
solid medium was sloped to give the same area of surface in 
all cases. As temperature of incubation 22° 0. was chosen. 
For convenience the cultures were incubated in the dark, 
since the characters of the fungi were found to be as well 
developed by this mode of incubation as when exposed to 
daylight for shorter or longer periods, as recommended by 
Long and Harsch 

A summary of the diagnostic characters of those fungi 
studied by Fritz which may occur saprophytically is given in 
Chapter VI. The key constructed by Fritz for their classifica- 
tion is reproduced in full below. 


Key for the identification of the heart rots of Abies balsamea, 
based on the characters shown when grown on 'potato - 
dextrose agar. 

I. Mycelium forming white or faintly yellow mats during one 
month’s growth. 

A. Mats radially furrowed : PolysHctus dbietinus. 

B. Mats not furrowed. 

(a) Chlamydospores present : Polyporus borealis. 

{f) Chlamydospores absent. 

(1) Fibre-like mycelial threads present. 

(a) Fibres sparingly branched. 

(o) Fibres uniform : Poria subacida. 

(oo) Fibres with expansions : Polystictus versicolor. 

(b) Fibres much branched : Balsam rot type B (2). 

(2) Fibres absent. 

(c) Clamp connexions always single: Balsam rot tyye 

J5(3). 

(d) Clamp connexions usually whorled : Balsam rot 

type C(l). 
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II. Mycelium forming faintly pink mats during one month’s 
growth. 

(a) Chlamydospores present : Polyporus sulpJiureus. 

{/5) Chlamydospores absent. 

(c) Hyphae with clamp connexions very delicate: 
Fmnes pinicola. 

(/) Hyphae with clamp connexions more heavily 
walled : Fomes roseus. 

III. Mycelium forming mats variously and often deeply coloured 
not as above. 

(a) Chlamydospores present. 

(g) Clamp connexions present : Polyporus halsameus. 

(h) Clamp connexions absent : Polyporus schwemitm. 
(/3) Chlamydospores absent. 

ig) Clamp connexions present. 

(x) Clamp connexions always single. 

(y) Fibres coarse and darkly pigmented : 
Fomes fomentarius. 

iyy) Fibres delicate, mostly hyaline : Fomes 
applanatus. 

(xx) Clamp connexions usually whorled : Balsam 
rot type A (2). 

{li) Clamp connexions absent. 

(s) Fibres uniform : Fomes igniarius, 

(ss) Fibres with expansions : Trameies pini. 
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CHAPTER XIII 


APPLICATION OF MICROBIOLOGICAL REACTIONS 
TO THE MANUFACTURE OF INDUSTRIAL 
COMPOUNDS FROM HEMICELLULOSES 
AND CELLULOSE 

The production of combustible gases.— Though the marsh 
gas which escapes from the ground in some localities has been 
used as a combustible gas for domestic purposes for many 
years, and though numerous investigations have shown that 
the microbiological decay of vegetable debris frequently gives 
rise to the evolution of such gases, especially methane and 
hydrogen, few attempts have so far been made to utilize these 
reactions for the commercial production of gaseous fuels. 
Those made have not yet succeeded in establishing ' this 
industry, even in localities where vegetable debris is abundant 
and coal deficient. This, no doubt, is largely due to the 
existing imperfect knowledge of the microbiology of hemi- 
celluloses and cellulose, and to the consequent difficulties 
encountered in attempting to control the breakdown of these 
substances on a technical scale. There is no 'prima facie 
reason to believe that such processes should necessarily be 
uneconomical. On the contrary, they appear to constitute 
a fruitful field for future investigations. 

So far only two statements in the literature have dealt 
with this subject of the microbiological decomposition of cellu- 
lose from the point of view of its conversion into combustible 
gases. It is understood,* however, that Viscount Elveden 
has designed a plant at Pyrford Court in which he has been 
able to produce combustible gases by the fermentation of 
straw, and that Amoore, working at the Rothamsted Experi- 

* Private information from Mr. E. H. Richards of the Rothamsted 
Experimental Station. 
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mental Station under the direction of Richards, has been able 
to produce methane on a technical scale from vegetable debris. 

In 1918 Langwell and the Power Gas Corporation, Ltd.^, 
took out a patent which covered the manufacture of a com- 
bustible gas by the fermentation of cellulose as contained in 
straw and sulphite pulp. The experimental data on which 
this patent was based have since, it is understood, been subject 
to revision, but no published account is available showing how 
far the revised interpretation of the reactions holds out hope 
of their practical application. 

The most recent experimental work on the subject dates 
from 1920 and was carried out by Fowler and Joshi The 
account of their experiments, however, overlooks a number of 
microbiological problems connected • with the subject which 
must be solved before a serious attempt can be made to develop 
a process of this kind on economic lines. Some of these 
problems will be referred to below. In Fowler and Joshi’s 
experiments an inoculant of sludge from a septic tank was 
used for the fermentation of the vegetable debris. This, added 
to a suspension of the debris in water, set up a fermentation 
and gas evolution which was particularly vigorous when the 
vegetable matter used consisted of banana and plantain skins, 
a material claimed to contain large quantities of hemicelluloses. 
Pure cellulose was found to be less satisfactory. A maximum 
production of gases was obtained when the fermentation was 
conducted at a surrounding temperature of 35° C. It was 
found advantageous occasionally to replace the water covering 
the fermenting material, and thus to reduce the concentration 
of the organic acids formed during fermentation to below 
1-0 per cent. In such circumstances it was possible to 
secure a daily evolution of combustible gases equal to 
80 per cent, of the volume occupied by the fermenting material. 
It is not stated for how long this rate of evolution could be 
maintained. The gases evolved contained from 80 to 85 per 
cent, of methane and their calorific value is claimed to have 
been 1-45 times that of ordinary coal gas. 

For the purpose of comparison it is interesting to quote the 
figures obtained by Omelianski ^ in fermentation experiments 
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carried out with Bac. methanigenes, isolated by him from 
similar material. The figures refer to a series of laboratory 
experiments, in which resistant cellulose was used as the 
source of carbohydrates. To the filter paper contained in 
a 500 c.cs. flask, a food solution was added consisting of in- 
organic salts and water, with calcium carbonate to neutralize 
the organic acids produced during fermentation. The flask 
was inoculated with a small piece of decayed filter paper con- 
taining an almost pure culture of Bao. 'niethanigenes. The 
incubation period was remarkably long, and not until after 
29 days did the evolution of gas become visible. At this time 
the quantity of gas collected during 24 hours amounted to 
2*4 c.cs. from the 500 c.cs. of fermenting liquid used. During 
the following four days the rate increased rapidly and reached 
a maximum of 26-2 c.cs. in 24 hours or 5*24 per cent, of the 
volume of the fermenting liquid. From this maximum the 
rate decreased fairly rapidly, and soon reached a minimum of 
0*24 c.cs. per day, at which figure it stayed during the remain- 
ing three and a half months of the experiment. Altogether 
552-2 c.cs. of mixed gases' were given off from 2-0815 grammes 
of cellulose, consisting of 190-8 c.cs. (= 0-1372 gramme) of 
methane and 361-4 c.cs. (= 0-7146 gramme) of carbon dioxide. 
The volume of methane thus amounted to only 34-5 per cent, 
of the total, against 80 to 85 per cent, in Fowler and Joshis 
experiments. The calorific value of the gas mixture obtained by 
Omelianski can only have been half that of ordinary coal gas. 

The difference in yields in Fowler and Joshi’s and in 
Omelianski’s experiments are so striking that it must be 
assumed that the former were working with a type of cellulose 
decomposer other than Bac. 'methanigenes. Unfortunately 
they do not give any information as to the nature of the type 
used by them. Their results demonstrate the importance of 
selecting a type which not only gives a high yield of combus- 
tible gases, but which will maintain a maximum rate of gas 
evolution over a considerable period, preferably until the bulk 
of the vegetable debris has been decomposed. In this airection 
further investigations are required. The utilization of thermo- 
tolerant or thermophilic types, which decompose cellulose in 
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as many days as the mesophilic forms require weeks, might 
be particularly suitable in this respect. 

It is necessary also to decide whether or not the organism 
selected should be used in pure culture and whether the 
presence of a secondary mieroflora would have a beneficial or 
a deleterious effect on the rate of gas evolution. In this con- 
nexion it should be mentioned that Khouvine ^ found that the 
rate of cellulose decomposition by Bao. cellulosae dissolvens 
was increased about five times in the presence of certain other 
bacteria. It would be desirable also to select a type which 
would not show that marked preference for hemicelluloses 
which Fowler and Joshi found their inoculant to have, but 
which would as readily decompose both cellulose and ligno- 
cellulose, the two substances which are most abundantly 
represented in vegetable tissues. This latter desideratum may 
not, of course, be feasible. 

Another important problem to which attention should be 
directed is that of the conversion of the organic acids of the 
cellulose fermentation into further supplies of combustible 
gases. That this is possible is clear from the work already 
done on the fermentability of these acids. Thus Hoppe- 
Seyler ® showed that calcium acetate solutions inoculated with 
sewage sludge yielded a gas consisting of one part of carbon 
dioxide and two parts of methane. From both potassium 
acetate and sodium butyrate Mazd° obtained a mixture of 
methane and carbon dioxide when inoculating solutions of 
these salts with a culture of a bacterium, termed Pseudosaroina, 
which he had isolated from leaves. Omelianski recorded the 
evolution of a mixture of carbon dioxide and methane from 
calcium acetate when the solutions of this salt were inoculated 
with material from the bottom layer of a manure heap or from 
soil. The methane under favourable conditions amounted to 
as much as 98 per cent, of the total gas evolved. It would be 
necessary also to determine to what extent the rate of gas 
evolution is influenced by the addition of nitrogen and other 
food materials, and, if favourably affected, to establish how 
such food could be supplied economically. 

Many other problems would undoubtedly require investiga- 
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tion before the microbiological conversion of waste vegetable 
matter into combustible gases could be claimed to have been 
scientifically explored. But the advantages accruing to many 
localities from suck a process would be so valuable that 
a serious efibrt to solve them appears well worth while, par- 
ticularly as any methane thus prepared might have other 
important uses, e. g. as a raw material for the manufacture of 
formaldehyde and methyl alcohol. 

Perhaps the investigations, referred to by Nathan ® as having 
been commenced at Nobel’s research department at Ardeer 
for the production of methane by fermentation, may be a step 
in this direction. 

The production of power alcohol. — A far more important 
problem, but one which is also infinitely more difficult to solve, 
is that of the conversion of the hemicelluloses and the cellulose 
present in vegetable waste materials into ethyl albohol, entirely 
by microbiological reactions, without the application of any 
process of chemical hydrolysis. 

During recent years this problem has been the subject of 
much comment owing to the desirability of economizing the 
existing, far from inexhaustible, supplies of petrol by the use 
of ethyl alcohol as a fuel for internal combustion engines. 
Such alcohol might, of course, be obtained from grain and 
other starch- or sugar-containing materials, but public opinion 
has lately been against the use of potential food materials for 
this purpose. 

Theoretically, waste vegetable matter might be converted 
into ethyl alcohol in two ways, either by subjecting it to 
a preliminary hydrolysis with mineral acids, and a subsequent 
fermentation of the resulting monoses, or by submitting it to 
the action of alcohol-producing micro-organisms without pre- 
vious hydrolysis. The former procedure has already met 
with a certain measure of success. It will not be discussed 
here, since it is outside the scope of the present inquiry. 
The second method, which obviates the hydrolysis, would 
undoubtedly be more advantageous if the serious difficulties 
could be overcome which at present prevent its practical 
application. These difficulties are in large measure due 
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to the complicated composition of most waste vegetable 
matter, which militates against its complete conversion into 
ethyl alcohol by simple microbiological processes. Thus while 
one type of organism would be required to convert the cellulose 
proper, another would probably be needed for the conversion 
of the lignified cellulose, while the hemicelluloses might require 
a third type and other substances a fourth or perhaps even 
a fifth. Complications might arise also from the antiseptic 
properties of tannins and similar substances present in the 
waste material, and from a mutually antagonistic action of 
the various micro-organisms used. Pure culture work with 
one or two types might therefore be difficult to apply, a serious 
complication, which, with our present knowledge, would pre- 
vent the proper control of the fermentation process. 

Until such time as these diflSculties have been mastered it 
is necessary to limit the microbiological production of alcohol 
from waste vegetable matter to a conversion of the cellulose, 
the hemicelluloses, or the lignocellulose present. The first aim 
must be, therefore, to secure a raw material in which one of 
these substances preponderates. . A certain amount of work 
has already been done from this point of view in the case of 
hemicelluloses and of pure cellulose. 

The work on the production of ethyl alcohol from hemicellu- 
loses was carried out by Mezzadroli who found that fungi of 
the type of Mucor Rouxianus could be used to hydrolyse waste 
supplies of vegetable ivory, the endosperm oi Phyteleijhas 
macrocarpa, into mannose, which in turn could be fermented 
by yeast into ethyl alcohol. Mezzadroli points out, however, 
that the conversion of the hemicellulose is slow ; too slow, 
probably, for a practical application of the process. Moreover, 
the available supplies of waste vegetable ivory are far too 
small for a technical process for power alcohol production to 
be based on this raw material. Far more promising would be 
the use of xylan for this purpose, a hemicellulose which is 
abundantly represented in many types of waste vegetation. 
So far, however, its direct conversion into ethyl alcohol has 
not been achieved. Its hydrolysis and subsequent decomposi- 
tion by fungi has been studied by Schmidt, Peterson, and Fred 
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who allowed various species of Aspergillus and Fenicillium, 
as well as Rhizopus nigricans, to act upon maize- and ry6- 
straw pentosans. Schmidt, Peterson, and Fred’s work was 
referred to in Chapter V. The destruction of the pentosans 
was slow, continuing for two to several months, and it never 
involved more than 53 per cent, of the pentosans present in 
the straw, being in most cases limited to about 30 per cent. 
It is not likely, therefore, that a compound fermentation pro- 
cess, based on the use of such fungi for the hydrolysis of the 
pentosans, and of pentose -fermenting, alcohol - producing 
bacteria for the conversion of the hydrolysed pentosans, will 
offer a practical solution of the problem of the production 
of power alcohol from pentosans. 

That alcohols are formed in the fermentation of cellulose by 
pure cultures of bacteria was first reported by Omelianski 
who detected traces of these substances in the liquid in which 
cellulose had been decomposed by Bac. fossicularum. Pre- 
viously van Senus had suggested that the hydrogen evolved 
during the anaerobic fermentation of cellulose was capable of 
reducing part of the acetic acid formed to ethyl alcohol. 

A quantitative determination of the ethyl alcohol resulting 
from the fermentation of cellulose by Bac. cellulosae dissolvens 
was carried out by Khouvine^, who obtained a yield of 
8‘1 per cent, of the cellulose decomposed. As only 55 per cent, 
of the cai'bon contained in the cellulose subjected to fermenta- 
tion could be recovered in the decomposition products, the 
yield of ethyl alcohol, calculated on the cellulose used, was 
actually much lower. 

Greater yields are reported by Fred, Peterson, and Viljoen^^, 
who subjected cellulose to destruction by a thermophilic 
bacillus. The fermentation was carried out at 62 to 66° 0. 
and was marked by a rapid evolution of gas, which finally 
became so violent that the cellulose pulp used was carried to 
the surface of the fermenting liquid. After three to four days 
the fermentation began to slow up. It was completed in four 
to six days, 60 to 80 per cent, of the cellulose having by then 
been decomposed. 

The nature of the gas evolved is not recorded by Fred and 
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his collaborators. The other fermentation products consisted 
chiefly of acetic acid and ethyl alcohol, 56 per cent, of the 
cellulose fermented being converted into acetic acid and 10 
per cent, into ethyl alcohol. Judging by the experiments 
recorded, the yields of the two chief fermentation products 
varied considerably. The ethyl alcohol formed, calculated on 
the cellulose fermented, was sometimes as low as 5 per cent., 
and at other times as high as 25 per cent. The yield of 
acetic acid fluctuated between 19*6 and 56-8 per cent. This 
variation in yield points to an insuflicient control over the 
reactions occurring during fermentation, or possibly to 
the presence of foreign bacteria in the fermenting liquid. In 
a culture of this organism which the writers obtained from the 
American authors, infection forms were undoubtedly present. 
The visible contamination of this culture may have been 
responsible for the very low yields of ethyl alcohol, amounting 
to mere traces, which were obtained with it. 

Fred and his collaborators also report on the fermentation 
of corn cobs by their thermophilic cellulose decomposer, but 
the yields of alcohol were low with this raw material, amount- 
ing only to 2*2 to 2*9 per cent, on the corn cobs taken, while 
the acetic acid produced varied between 1 4-4 and 26-7' per cent. 
Though a comparison of the yields obtained from cellulose 
and from corn cobs may not be possible in view of the different 
nature of the two types of raw material, it is surprising to 
note that the yields of organic acids from corn cobs, assuming 
these to have been fermented to the same extent as the cellu- 
lose, should have been no less than half, while the yield of 
alcohol in the case of the corn cobs was less than 15 per cent, 
of that obtained from the cellulose. 

There are evidently a good many problems to be investigated 
in connexion with the use of this and other similar thermo- 
philic micro-organisms before it is possible to decide whether 
such types can eventually be used for the production of ethyl 
alcohol from cellulose. In principle the use of thermophilic 
rather than of mesophilic forms is undoubtedly sound, since 
the former are much more rapid in their action on the raw 
material than the latter. 
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From a technical standpoint it would be an advantage also 
to be able to conduct the fermentation of the raw material 
direct without the aid of other micro-organisms for the pre- 
liminary conversion of the polysaccharides into monoses. 

The outline given above of the work so far done on the 
production of power alcohol by direct fermentation shows that 
under certain conditions at least one type of hemicellulose, as 
well as pure cellulose, may be converted into ethyl alcohol. 
How far lignified cellulose can be similarly converted has not 
yet been established. As it constitutes by far the largest 
proportion of most, if not of all, the readily accessible vegetable 
waste materials, it would be of particular importance to 
determine its behaviour towards alcohol-producing micro- 
organisms, both from the point of view of its direct conversion 
and of its hydrolysis by fungi and subsequent fermentation by 
yeast or bacteria. In considering the possibilities of the latter 
method it should not be overlooked that some wood-destroying 
fungi, such as Polyporus schweinitzii, Poly poms sulphureus, 
and Fovyies pinicolcc, exude from their sporophores droplets 
of liquid containing melezitose and mycose, soluble carbohy- 
drates which might' be fermentable, if not by yeast, then 
perhaps by bacteria. It is very questionable, however, whether 
such fungi would be able to break down lignified cellulose into 
these carbohydrates at a sufficiently rapid rate for the method 
to be adopted in technical processes. 

The production of organic acids from hemicelluloses and 
cellulose.— In yet another direction, in the production of 
organic acids, it may one day be found possible to utilize the 
microbiological decomposition of hemicelluloses and cellulose 
for the production of industrial compounds. Eeference has 
repeatedly been made to the presence of acetic and butyric 
acids among the decomposition products of these carbohydrates. 

■ The formation of lactic acid in considerable proportions as 
a result of the destruction of xylan by Bacterium lactipento- 
aceticum and allied species was demonstrated by Fred, Peter- 
son, and Davenport It is still an open question whether 
any of these reactions can be so conducted as to form the 
basis of technical processes tor the manufacture of these acids. 

Y 


322 


INDUSTRIJ^L APPLICATIONkS 


LITERATURE 


1. H. Langwell and the Power Gas Corporation, Ltd., B. Pat., 134,266, 1918. 

2. G. J. Fowler and G. W. Joshi, J. Indian Inst. ScL, vol. 3, p. 39, 1920. 

3. Y. Omelianski, Lafars Ilandbuch d. iechnisch. Mykologie, vol. 3. Gustav 

Fischer, Jena, 1904-6. 

4. Y. Khouvine, Ann. Inst. Pasteur, vol. 37, p. 711, 1923. 

6. F. Hoppe-Seyler, Arch, gesam. Physiologic, vol. 12, p. 12, 1876. 

6. P. Maz(i, Comptes rend., vol. 137, p. 887, 1903. 

7. Y. Omelianski, Zenirbl.f. Bakt, Abt. II, vol. 16, p. 673, 1906. 

8. F. Rathaii, J. Socf Chem. Ind., vol. 42, p. T 279, 1923. 

9. G. Mezzadi'oli, Boll. Chim. Farm., vol. 67, p. 361, 1918. 

10. E. G. Schmidt, W. H. Peterson, and E. B. Fred, Soil Science, vol. 16, 


p. 479, 1923. 

11. Y. Omelianski, Compies rend,, vol. 126, p. 970, 1897. 

12. A. H. 0. van Senus, Jahresber. Fortsch. Lehre v. d. Qdnmgsorganen, vol. 1, 

p. 186, 1890. 

13. E. B. Fred, W. H. Peterson, and J. A. Yiljoen, Ahslr. Bacteriology, vol. 8, 

p. 11, 1924 ; and J. A. Yiljoen, E. B. Fred, and W. H. Peterson,, 
J. Agric. Scu, vol. 16, p. 1, 1926. 

14. E. B. Fred, W. H. Peterson, and A. Davenport, J. Biolog. Chem,, vol. 42, 


p. 176, 1920. 


2 204 




■ff 

fu __ 

k! / 


LIBRar 


■\. ® ■' _ 



INDEX OF AUTHORS-'.'^'GaLOR" 


{An asterisk denotes an illustration . ) 


A. 

Acree, S. F., analysis of changes in 
stored spruce wood, 285-6. 

— , financial loss through decay of 
timber, 280. 

Aderhold. R, origin of gums, 6. 

Agafonoff, V., humus in old soil, 212. 

Alcock , W. Broughton, action of Sieni- 
jihylium sp. on cellulose, 152. 

— , fungi mildewing canvas, 255. 

Ames, A., description of Poria atro- 
sporia, 137. 

Amoore, E. L., production of methane 
from vegetable debris, 313. 

Amos, A., and Gr. Williams, types of 
silage, 223. 

Anderson, J. A., see Fred, E. B. 

Andrews, 1\ M., see Bray, M. W. 

Aoi, K., isolation of agar-decompos- 
ing bacterium, 40. 

Appel, 0., decomposition of pectin in 
plant diseases, 185. 

Appel, 0,, and H. W. Wollenweber, 
study of Fusarium spp., 155. 

Armstead, D., and S. 0. Harland, 
mildew in cotton goods, 98, 100, 
155, 254-5. 

— , — , mode of attack of micro- 
organisms on fibres, 266. 

— , — , moisture requirements of 
fungi, 251. 

Arnaud, G., Bematium pulhilans and 
Gladosporiim herbarum, 93. 

Aronowsky, A., see Pringsheim, H. 

Ashe, L. H., see Northrop, J. H. 


B. 

Bakes, W. E., see Thaysen, A. 0. 

Balls, W. L., use of viscose process 
in study of cotton hairs, 8, 262. 

Barnes, F., occurrence of Gladosporium 
sp. on wood-pulp, 150. 

Bartel, C., and N. Bengtsson, nitrogen 
.and cellulose decomposition in soil, 
211 . 

Y 


de Bary, A., decomposition of cellu- 
lose by Boirytis sp., 90. 

— , decomposition of pectin by Botry- 
tis vulgar is, 20, 21. 

Baumann, A., and E. Gully, nature 
of humic acid, 205. 

Behrens, J., decomposition of cellu- 
lose by fungi, 20, 113. 

— , decomposition of pectin by fungi, 
79, 81, 86, 181. 

— , fungal attack of fruit in storage, 
90, 185. 

— , fungi occurring on fibi'es, 79, 81, 
181, 254-6. 

— , micro - organisms decomposing 
pectin, 166 et aliae. 

— , production of free nitrogen in 
retting, 168. 

— , retting by aerobic bacteria, 179. 
Beijerinck, M. W., decomposition of 
vegetable matter by actinomycetes, 
70, 209. 

Beijerinck, M. W., and A. van Del- 
den, decomposition of pectin by 
Bac. mesentericus, 33. 

— , — , decomposition of pectin by 
Qranulobacter pecHnovorim {Bac. amy- 
lobacter), 37. 

— , — , dew-retting by fungi, 181. 

— , — , influence of oxygen and 
change of water in retting, 173. 

— , — , influence of oxygen on de- 
velopment of Gramlobacter pectinovo- 
rum {Bac. amylobacter), 178. 

— — , micro-organisms decomposing 
pectin, 33, 37, 166, 181. 

— ^ — J presence of pectosinase in 
retting bacteria, 21-2. 

— , — , production of lactic acid in 
retting, 167. 

— , — , retting by aerobic bacteria, 179. 
Beijerinck, M. W., and L. E. den 
Dooren de Jong, action of bacteria 
on pectin, 33, 86. 

Bengtsson, N., see Bartel, C. 

Bergey, D. H., actinomycetes decom- 
posing cellulose, 72. 

.2 


324 


INDEX OF AUTHORS 


Bergey, D. H., CeUulomonas genns, 50. 
— classification of actinomycetes, 69. 
BerlSse, A. N., Demaivmnpullulans and 
Cladosporium herharmi, 93. 

Berthelot, A., see Metclinikoff, E. 
Bevan, E. J.. see Cross, C. F. 
Biernacki, W., Bad. Nenclcii, 39. 
BiiFen, E. H., decomposition of lignin 
by Bulgaria pohjmorpha, 114. 

Biltz, K., see Krais, P. 

Blackman, W. H., and E. J. Welsford, 
decomposition of pectin by Sclero- 
tinia Fuckeliana, S9. 

Blair, R. J., destruction of wood-pulp 
by lower fungi, 288. 

Blaxall, P. E., see MacFayden, A. 
Boekhout, P. W. J., and J. J. Ott 
de Vries, fermentation of tobacco, 
235. 

— , — J spontaneous heating of hay, 
231. 

Bourquelot, E., and H. Herissey, 
enzymatic action on pectin, 21 . 
Boyce, J. S., area of infection of 
decayed timber, 300. 

— , fungal discoloration and decay of 
aei'oplane timber, 118, 123-4, 133, 
296. 

Braconnot, II., action of sulphuric 
acid on cellulose, 6. 

— , first isolation of pectin, 11. 
Bradley, L. A., distribution of cellu- 
lose-decomposing bacteria, 211. 
Bray, M, 'W., and T. M. Andrews, 
chemical changes in wood during 
decay, 198, 284, 286. 

— , — , destruction of wood by fungi, 
116, 141, 246. 

— , — , rate of decay of wood by 
fungi, 293. 

Breaudat, L., Bac. violaceiis acetonicus, 

34. 

Bredemann, G., Bac, amylolader gvonp, 

— , fermentation of starch by Bac. 

amylolacter group, 162. 

Breed, E. S., and H. J. Conn, nomen- 
clature of actinomycetes, 66. 

Bright, T. B., detection of microbio- 
logical decay in cotton hairs, 273. 
Bright, T. B., L. E. Mori’is, and 
P. Summers, mildewing of cotton, 
98, 100, 110, 113, 160, 162-3, 166, 
251,264-6. 

— , — , — mode of attack of fungi 
on cotton, 266. 

— ■) — , — , prevention of mildew on 
cotton, 257-8. 

Brill, H., fermentation of cacao, 236. 
Brongniart, Ad., see J. Dumas. 


Brooks, P. T., Femes applanatxis, 121. 
— , Stereum purpureum. 119. 

Brooks, P. T., and 0. G. Hansford, 
Oladosporiim herlarum, 93. 

Brooks, R. St. John, K. Nain, and 
M. Rhodes, Bad. fluorescens group 
34. 

Brown, W., decomposition of pectin 
by Scleroiinia FucJceliana, 89. 
Brussoff, A., Actinomyces cloacae, 74. 
Buller, A. H. R., Pohjporus squaniosus. 

131. ’ 

Bunker, H. J., see Thaysen, A. 0. 
Burns, A. C., dry storage of cotton, 
270, 

— , mode of attack of cotton by micro- 
organisms, 266, 269. 

— , swelling test, 264-6. 

Burrill, T, J., ensilage, 226-6. 

Burt, B. C., Indo-Arnerican cottons. 
269. ’ 

C. 

Cable, D. E., see Mahood, S. A. 
Cameron, F. K,, organic matter in 
soils, 211. 

Carbone, D., action of PeniciUinm spp, 
on cotton hairs, 99. 

— , action of Schweizer’s reagent on 
damaged fibres, 267. 

— , Bac. felsineus, 38, 167. 

— , retting hy Bac. Jelsineus, 174, 180. 
Carrd, M. H., nature of pectose, 11. 

— , solubility of protopectin, 12. 

Carrd, M. IL, and D. Haynes, i:)ectic 
acid, 12, 

Carter, II. A., aeration of retting 
liquor, 179. 

Chalmers, C. H., see Gray, P. H. H. 
Charpontier, C. A. G., nitrogen and 
cellulose decomposition in soil, 211, 
Chevreul, M. E., suberin, 10, 192. 
Clark, E. D., and P. M. Scales, cellu- 
lose decomposition by Penicillium 
pinophilum, 106. 

Clayson, D. H, P., P. W. Norris, and 
S. B. Sohryver, pectin and proto- 
pectin, 4, 11. 

Clayton, J,, see Hutchinson, H. B. 
Cohn, P., spontaneous heating of 
barley, 97. 

Cohn, N. H., and H. Jensen, fei'- 
mentation of tobacco, 286. 

Cohn, R,, see Neuberg, C. 

Conn, H. J., see Breed, R. S. 

Correns, E., constitution of proto- 
pectin, 13. 

Costantin, J., Dematnm pulhtlans and 
Gladosporium herbanm, 98. 



INDEX OF AUTHORS 325 


Councler, 0., pentosans in subei’in, 10. 
Cross, 0. P., and E. J. Bevan, bac- 
terial damage in jute, 257-9. 

— , — , constitution of lignocellulose, 

8 . 

— , — , viscose process, 8, 282. 

Curtis, R. E., see Waksman, S. A. 
Czapek, P., culture medium for wood- 
destroying fungi, 304. 

— , gums and gum-resins, 5. 

— (quoting Sebelien), methyl pen- 
tosans in lignilied tissues, 11. 

— , pi'esence of cellulose in mosses, 3. 
— , presence of hadromal in ligno- 
cellulose, 8. 

— , presence of pectin in lower plants, 


D. 

Dannenberg, H., climatic conditions 
during peat deposition, 242. 
Darwin, 0., decay of tree-trunks in 
S. American forests, 246-7. 

— , mould formation, 208. 

Davenport, A., see Fred, E. B. 

Davies, R. L., test for completion 
of retting, 170. 

Davis, G. E., C. Dreyfus, and P. Hol- 
land, mildew of cotton goods, 97, 
100, 102, no, 148, 150, 250, 254-5. 
Deh(3i'ain, P. P., rotting manure heap, 
17-18, 197, 200, 203-4. 

Delacroix, G., see Prillieux, E. 
Delaval, H., see Kayser, E. 
van. Delden, A., see Beijerinck, M. W. 
Denham, H. J., attack of cotton hairs 
by mici’o-organisms, 266-8, 

— , swelling test, 266. 

Diemer,, M. T., and E. Gerry, stain- 
ing of wood to show decay, 299. 
Distaso, A., see also Metchnikoff, E. 

— , Bac. cellulosae desagregans, 35. 
den Dooren de Jong, L. E., see Bei- 
jerinck, M. W. 

Dor(5e, C., comparative resistance of 
cellulose and cellulose acetate 
fibres to decay, 271. 

— ,' constitution of lignin, 9. 

— , destruction of fabrics in sea water, 
269, 261. 

— , destruction of Manila hemp by 
micro-organisms, 254, 259. 

Dreyfus, 0,, see Davis, G, E. 

Duclaux, E., micro-organisms in soil, 
214, 

Duggeli, M,, rise in temperature in 
hayrick, 232. 

Dumas, J., — Pelouze, and Ad. Bron- 
gniart, isolation of cellulose, 3, 


Dupont, 0., decomposition of xyliin, 
41. 

— , manure heap, 197, 199. 

E. 

Edin, H., and E. Sandberg, silage, 
224, 228. 

Ehrlich, P., constitution of pectin, 12. 

Ellenberger, W., A. Scheunert, W. 
Grimmer, and A. Hopffe, intes- 
tinal decomposition of cellulose, 
216. 

— , — , — , — , Aspergillus cellulosae 
and intestinal decomposition of 
cellulose, 96. 

Eller, W., humic substances, 206, 249. 

Eller, W., E. Herdieckerhoff, and 
H. Saenger, humic substances, 206, 
249. 

Eller, W., H. Meyer, and H. Saenger, 
humic substances, 206, 249, 

Elveden, Viscount, production of 
combustible gases from straw, 313. 

Emmerling, 0., silage, 225, 228-9, 

Emmerling, 0., and 0. Reiser, pro- 
duction of ammonia by Bad. fluo- 
rescens, 199. 

Ernest, A., see Stoklasa, J. 

Esten, W. M., and 0. Mason, silage, 
226, 229. 

von Euler, H., action of cellulase on 
cellulose dextrins, 21, 189. 

Eyre, J. Y., and 0, R. Nodder, mor- 
phology of fiax stem, 164-5*. 

— , — , rotting, 166, 168-71*. 

P. 

Faelli, G., relative numbers of bac- 
teria and fungi in soil, 76. 

Falck, R., destruction of wood by 
specific fungi, 115, 125, 141. 

— , function of xdiizomorphs of Merit- 
Uus lacrymans, 128. 

— , optimum temperature for Merulhis 
lacrymans, 127, 281. 

Pauli, H., destruction of wood -by 
Fames roseus, 124. 

von Pellenberg, Th., pectin, 11-12. 

Pesca, A., preparation of starch from 
wheat by fermentation of pectin, 
184. 

Pickendav, — , fermentation of cacao, 
236. 

Fiegal, B , see Hosemann, P. 

Finlow, R. S,, microbiological damage 
of jute, 260-1. 

Fischer, F., fungal destruction of cel- 
lulose and lignin of wood, 193. 


326 


INDEX OF AUTHORS 


Fischer, F., and H. Schrader, chemi- 
cal changes in wood during decay 
and origin of coal, 283. 

— , — , comparative role of lignin 
and cellulose in peat and coal for- 
mation, 247. 

— , — , role of micro-organisms in 
peat and coal formation, 244, 
246. 

— , — , role of lignin in formation of 
humic substances, 206. 

Fleming, N., and A. C. Thaysen, 
description of swelling test, 263-4*. 
— , — , destruction of resistance of 
cuticle of cotton hairs to swelling 
reagents' 194. 

— , — , microscopical study of decay 
of fibres and fabrics, 8, 266*, 
262*. 

— , — , mode of attack of fibres by 
micro-organisms, 256, 

— , — , moisture requirements of 
micro-organisms on cotton, 251, 
258. 

Fowler, Q, J., and G. W. Joshi, pro- 
duction of combustible gases from 
vegetable debris, 314-15. 

Fowler, Q-. J., and F. Marsden, ret- 
ting of coir, 183. 

Franchimont, A. P. N., action of 
acetic anhydride on cellulose, 7. 
Frank, A. B,, leinaiium pulMcms and 
Cladosporium herbanm, 93. 

Fred, E. B. (see also Fulmer, H, L., 
Peterson, W. H,, Schmidt, E. G., 
and Viljoen, J. A.). 

Fred, E. B., W. H. Peterson, and 
J. A, Anderson, J3aci. laclipenio- 
acetioum in silage, 228. 

— , — , — , breakdown of pentosans 
in silage, 229. 

Fred, E. B,, W. H Peterson, and 
A. Davenport, Bad. lacUpcnio- 
aceiicim, 24. 

— , — , — , formation of lactic acid 
from xylan by Bad. ladipento- 
aceticum, 321. 

— , — , — , pentose-fermenting bac- 
tei'ia in silage, 229. 

Fred, E. B., W. H. Peterson, and J. A. 
Viljoen,fermentation of cellulose by 
thermophilic bacterium, 61-2, 191, 
208, 319-20. • 

Fremy, E., micro-organisms in peat 
and coal formation, 245. 

— , role of lignin in humus formation, 
206. 

— , vasculose, 8. 

Fritz, C. W., cultural study of wood- 
destroying fungi, 304, 


Fritz, C. W,, diagnosis of heart rots 
of Abies balsamea, 307-8. 

— , identification of wood-desti’ovina' 
fungi, 306. ^ 

— , morphology of laboratory cultures 
of specific fungi, 122-4, 129-33, 
136, 137. ’ 

Froehlich, H., fixation of nitrogen 
by lower fungi, 252. 

Fuchs, W., see Pringsheim, H. 
Fulmer, H. L., fixation of nitrogen by 
Bad. azopMle, 202. 

Fulmer, H. L., and E. B. Fred, nitro- 
gen-fixing properties of dung and 
wheat straw mixtures, 201. 

G. 

Gatin, 0.^ L., and M. Molliard, de- 
composition of hemicelluloses and 
pectin by Xylaria hypoxylon, 89. 

— , — , decomposition of lignin by 
Jungi, 112, 192, 286. 

Gayon, U., fermentation in manure 
heap, 17, 208. 

, isolation of cellulose decomposer 
from manure heap, 17. 

GeiTy, E., see also Dieiner, M. T. 

— , action of specific fungi on ligno- 
cellulose, 98, 301, 143. 
von Geschei’, N., cellulose decomposer 
identical with Spirochaeiu cytophaga. 
46. 

— , decay of Ihix fibres I)y micro- 
organisms, 261, 

, enzymatic zones of colonies of 
cellulose decomposers, 49. 

Gibbard, J., see Jones, D. H. 

Gilson, E., cellulose, 8, 8. 

• — ', suberin, 10. 

Goulding, G,, black arm boll rot of 
cotton, 269, 

Gran, I-I. H., bacterial decomposition 
of hemicelluloses, 22, 89, 187. 

Gray, P. H, H., and C. H. Chalmers, 
Miorospira agar-liqnefaciens, 28, 41, 
61, 194. ’ ’ > 

Grifaths, A. B., silage, 223, 226, 230, 
Grimmer, W., see Ellonbergor, W. 
Groenewoge, J., acctimulation of 
cello biose in decomposition of cel- 
lulose, 190. 

— , cellulose-decomposing bacteria, 
61. 

— , decomposition of cellulose in soil 
and destruction of nitrates, 211. 

— , origin of gums, 6. 

Griiss, J,, fungus mycelium in coal, 



INDEX OF 

Gu^guen, F., mildewing of cotton 
goods, 251. 

Gully, E., see Baumann, A. 

H. 

Haas, B., development of lower fungi 
on wood, 278. 

— , formation of white spongy rot by 
Pohjsiidns versicolor, 136. 

— , occurrence of specific fungi on 
wood, 130-1, 134-5, 138, 140, 149. 
Hilgglund, E., lignin, 9. 

Haldane, J. S., and E. H. Makgill, 
spontaneous heating of hay, 231, 
233. 

van Hall, 0. J. J,, bacteria causing 
white rot of potatoes and arti- 
chokes, 33. 

Hansford, C. G., see Brooks, F. T. 
Hansson, N., nutritive value of good 
and bad silage, 222, 

Harland, S. 0., see Armstead, D. 
Harsch, E. M., see Long, W. H. 
Harshberger, J. W., moi-phology of 
specific fungi, 120, 128, 130-1, 140. 
Harter, L. L., see also Weimer-, J. L. 
Hartoi', L, L., and J. L. Weimer, 
fungal decomposition of pectin, 82. 
Hartig, E,, destruction of wood by 
Merulius lacrymans, 281-2'*'. 

Hastings, E. G., see Peterson, W. H. 
Hauman, L., composition of pectin 
by micro-organisms, 166. 

— , isolation of JBact. coU types from 
anaerobic I'etting liquor, 166. 

— , micro-organisms on dew-retted 
flax, 100, 102, 150, 181, 254-5. 

— , retting by aerobic bacteria, 179. 

— , sterilization of fibre plants for 
retting experiments, 178. 

Hawkins, 0. S. V., effect of decay of 
yield of pulp from wood, 287. 
Haynes, D., see Carrd, M. H., and 
Schiyver, S, B. 

Hubert, A., bacterial decomposition 
of lignin, 193, 205. 

— , changes in the manure heap, 202, 
205. 

— , role of lignin in formation of 
humus, 205, 206. 

Heinz, A., Bact. hyacinihi septicum, 33. 
Heller, F., decomposition of cellulose 
by specific fungi, 146-7, 155. 

— , decomposition of hemicelluloses 
by Trichothecium roseum, 92. 

Henley, F. E., see Eeilly, J, 
Henneberg, W., microbiological de- 
composition in intestine, 63, 188, 
201, 217, 230. 


AUTHOES ' 327 

Henneberg, W., microflora of com- 
post heap, 204. 

— , occurrence of fungi in manure, 

202 . 

Henry, E., rate of decay of vegetable 
debris, 208. 

Herdieckerhoff, E., see Eller-, W. 
Hdrissey, H., see also Bourquelot, E. 
— , microbiological decomposition of 
hemicelluloses, 187. 

Herzog, A., aeration and change of 
water in retting, 173. 

Herzog, E. 0., X-ray spectrography 
of cellulose, 7. 

Herzog, E. 0., and W. Jancke, struc- 
ture of cellulose, 8. 

Hess, K., W. Weltzien, and E. Mess- 
mer, constitution of cellulose, 7. 
Heukelekian, H,, cellulose decompo- 
sition in soil, by specific fungi, 97, 
100, 143, 149, 155. ' 

— , relative importance of fungi and 
bacteria in cellulose decomposition 
in soil, 76, 208. 

Heuser. E., pentosan content of lig- 
nin, 10. 

Hickenbottom, W. J., see Eeilly, J. 
Hiltner, L., and K. StOrmer, actino- 
mycetes in manure, 70. 

Hind, H. L., see Langwell, H. 

Hirst, E. L., see Irvine, J. C. 

Hodges, J. F., influence of tempera- 
ture on rate of retting, 173. 

— , production of free nitrogen in 
retting, 168. 

von Hoesslin, H., and E. J. Lesser, 
intestinal decomposition - of cellu- 
lose, 216. 

Hoggan, I., Bematium pullulans and 
Cladosporium heryarum, 93. 
von Hbhnel, F., reactions of ligno- 
cellulose, 8. 

Holdefleiss, F., intestinal decomposi- 
tion of cellulose, 216. 

Holland, P., see Davis, G. E. 

Hopffe, A., see also Ellenberger, W. 
— , Aspergillus cellulosae, 96, 98. 
Hoppe-Seyler, F., absence of humic 
sub.stances in products of cellulose 
fermentation, 207. 

— , evolution of methane from decay- 
ing vegetable matter reproduced in 
laboratory, 218. 

— , fermentation of calcium acetate, 
316. 

— , fei-mentation of cellulose, 19. 

— , fermentation of xylan by cellu- 
lose-fermenting bacteria, 200. 

— , presence of hydrogen in methane 
fermentation of cellulose, 19. 


328 


INDEX OF AUTHOKS 


Horne, A. S., and H. S. Williamson, 
action of Eidcmia spp. on pectin, 
86-7, 

Hosemann, P., and B. Fiegei, retting 
process, 176. 

Hovey, R. W., see Joimsen, B. 
Ho-ward, N. 0., discoloration of pulp 
from decayed wood,- 288. 

Hoxie, F. J., moisture content of 
wood favourable for fungi, 279. 
Hubert, E. E., clamp connexions in 
specific fungi, 130, 133, 137, 301-3. 
— , cultural study of wood- destroying 
fungi, 304. 

— , diagnosis of decay in wood, 276-7, 
297-303. 

— , diagnostic characters of fungi in 
attacked wood, 300-3. 

— , discoloration of wood in decay, 
297. 

— , perforation of cell walla of wood 
by fungi, 274*-5-6*, 297-8*-9’'‘. 

— , presence of lower fungi as second- 
ary infections of rotten wood, 288. 
— , production of zone lines in in- 
cipient stage of wood decay, 276*-7. 
— -, rate of Ihngal decay of wood, 
293-5. 

— , staining of wood to show decay, 
299-300. 

— , typical stage of brown pocket rot 
of wood, 278*. 

Humphrey, C. J., see also Ki-e.ss, 0. 

— , Poria incrassata, 187-8, 283. 

Hunter, C. A., yeasts in silage, 226. 
Hutchinson, H. B., and J. Clayton, 
Spirochaeia cytophaga, 28, 40*, 44-6, 
189, 190. ’ 

Hutchinson, H. B., and E. H. Rich- 
ards, artificial farmyard manure, 
196, 202. ’ 

— , — , nitrogen content -of manure 
heap, 197-8, 202. 


I. 

Irvine, J. 0., and E. L. Hirst, consti- 
tution of cellulose, 7. 

Irvine, J . 0., and C. W. Sou tar, action 
of hydrochloric acid on cellulose, 6. 

Issatchenko, B. L., isolation of cellu- 
lose-decomposing bacteria, 214. 

van Iterson, ji-., G,, decay of wood by 
cellulose - decomposing bacteria, 
274—5, 


-, decomposition of cellulose by 
bacteria, 43, 63, 214. 

decomposition of cellulose by 
fungi, 98, 109, 111, 113, 142-4, 147, 
160, 152, 166, 209. 


van Iterson, jr., G., decomposition 
of cellulose in soil, 204, 209, 211. 


J- 

Jackson, F. K., decomposition' of 
pectin by Bac. amylohactor in rettin» 
169. 

Jancke, W., see Herzog, E. 0. 

Janczewski, E., Mycosphaerella Tulasnei 
and Oladospori'mii herhcmmi, 93. 

Jensen, H., see also Cohn, N. H. 

~, pectin decomposition in plant 
diseases, 186. 

— , tobacco fermentation, 236. 

Jodidi, S. L., origin of humus sub- 
stances, 206. 

Johnsen, B., and E. W. Hovey 
changes in wood during decav 
193,286. 

Johnsen, B., and H. N. Lee, changes 
in wood during decay, 193, 284, 

, — , effect of decay of wood on 
yield of pulp, 286, 288. 

! ) inferiority of decayed wood 

for manufacture, 287. 

Jones, D. H., and J. Gibbard, micro- 
organisms in silage, 226-7. 

Joshi, G. W., see Fowler, G. J, 


K. 

Kalb, L., see Willstiitter, R, 

Karrer, P., yields of collobiose, 7. 
Kayser, E., patent for retting, 178. 
Kaysej', E., and II. Delaval, dec om- 
position products of retting, 169, 
177. ’ 

— , — , isolation and reactions of 
pectin-decomposing bacteria, 34-6, 
177-8. ' ' 

— , sterilization of fibre plants 

for retting experiments, 178. 

Kean, A. L., pectin decomp, osition by 
Miicor siolonifer., 81. 

Kellerman, K. F., and I. G. McBeth, 
Bac. fossicularum and Bac, methani- 
genes, 66. 

— , — , cellulose agar, 41, 48. 

I — > cellulose decomposition in 
soil, 211, 

> > ctdlulose-decomposing bac- 

teria, 47-9, 62*. 

Kellerman, K. F., I, G. McBeth, 
F. M. Scales, and N. R, Smith, 
cellulose agar, 41, 48. 

, — , — , — , cellulose decomposi- 
tion in soil, 211. 

» J — ) ■ — , cellulose-decomposing 
bacteria, 47-9*. 



INDEX OP AUTHOES 


Kellner, 0., et alii, nutritive value of 
cellulose, 217. 

Khouvine, Y., Bac. cellulosae dissolvms, 
59-60, 191, 203, 316. 

— , decomposition of cellulose in 
intestine, 217. 

Kissling, E., decomposition of cellu- 
lose by Botrytis cinerea, 113. 

Klason, P., coiastitution of lignin, 9. 
Knapp, A. W., cacao fermentation, 
236-7. 

Knecht, E., action of saliva on cotton, 
216. 

Koch, A., and H. Pettit, denitrifica- 
tion in soil, 62. 

Konig, J., see also Ski’aup, Zd. H. 

— , lignocellulose, 8. 

— -, residue of hemicelluloses in rotted 
manure, 201. 

Koning, C. J., see also Ondemans, 
C. A. J. A. 

— , activity of micro-organisms in 
liumus formation, 208. 

— , decomposition of cellulose by Tri- 
choderma Koningii, 143. 

— , humus as carbohydrate supply 
for micro-organisms, 212. 

— , occurrence of Spicaria simpKcissima 
in humus, 146. 

— , tobacco fermentation, 236. 
Koorders, S. H., and H. Potonie, peat 
formation in Sumatra, 242. 

Kosin, N. I., cellulose decomposition 
by Gladospormm herbanm, 160. 
Kostytcheff, P. A., rate of decay of 
vegetable debris, 208. 

Krainsky, A., action of actinomycetes 
on cellulose, 70. 

— , action of actinomycetes on gelose, 
74-6. 

Krais, P., influence of sodium bicar- 
bonate and pancreatic extract in 
retting, 175. 

— , proiDortion of water to straw in 
I'etting, 168. 

— , stex’ilization of fibre plants for 
i-etting exppi-iments, 178. 

Krai.s, P., and K. Biltz, use of bicar- 
bonates in retting, 175. 

Kramer, E., pectin decomposition in 
plant diseases, 186. 

Krause, M., see E. Ramann. 

Kress, 0., inferiority of decayed \Vood 
for manufacture, 287. 

— , storage of Avood and decay, 279. 
Kress, 0., C. J. Humphrey, and 
C. A. Eichax’ds, loss in manufactui'o 
through decay of wood, 287. 
Kroulik, A., thermophilic cellulose- 
decomposing bactex'ia, 60, 


329 

Kukuk, P., climatic conditions during 
peat deposition, 242. 

Kuntze, W., see Lohnis, F. 

Kylin, H., enzyme production by 
wood-destroying fungi, 278. 

L. 

Lagex-berg, T., destruction of wood by 
specific fungi, 116, 119, 293. 

— , storage of wood and decay, 279. 

Lamb, A. R., ensilage, 224-7, 229. 

Langwell, H,, and H. L. Hind, 
thermophilic fermentation of cel- 
lulose, 61, 

Langwell, H., and Power Gas Cor- 
poi-ation. Ltd., manufactui’e of 
combustible gas by cellulose fei’- 
meixtation, 314. 

Lathx’op, E. C., see Shoi-ey, E. 0. 

Laurent, M. E., Dematium pullulans 
and Cladosporium herbarum, 93. 

Lee, H. N., sec Johnsen, B. 

Lehmann, K. B., and R. 0. Neumann, 
Bacillus Ellenbachensis, 42. 

— , — , Vibrio nigula, 36. 

Lehne, A., and W. Schepmann, coix- 
stitution of lignocellulose, 8. 

Lendner, A , Mucor Rouxianus, 81. 

Lessex’, E. J., see von Hoesslin, H. 

Lessing, R., fungus mycelium in coal, 
244. 

Levine, B. S,, and P. P. Veiteh, mil- 
dew on cottoix goods, 100, 150, 152, 
254-6. 

Lichtenstein, S., see Pringsheim, H. 

Lisse, M. W,, see Rose, R. E. 

Lister, G., mycetozoa, 27. 

Lister, J., isolation of BacL lactis acidi, 
44. 

Lochhead, G., see Lohnis, P. 

Loexv, 0., cacao fermentation, 236. 

— , tobacco fermentation, 235. 

Lohnis, F., andW. Kuntze, isolation 
of cellulose-decomposers of manui’e 
heap, 203. 

Lohnis, P., and G. Lockhead, isolation 
of cellulose-decomposers of manure 
heap, 49. 

Long, W. H., destruction of oak by 
Stereum subpileatum, 119. 

Long, W. H., and R. M. Harsch, 
diagnosis of decay in wood, 306. 

— , — , influence of light on sporo- 
phoi’e formation, 281, 306, 307. 

M. 

MacPayden, A., and P. R. Blaxall, 
thermophilic cellulose decom- 
posex's, 60. 


330 


INDEX OP AUTHOES 


Mahood, S. A., and D. E. Cable, 
fungal destruction of wood-pulp, 
142 285 

Makgill, E. H., see Haldane, .J. S. 

Makidnov, I. A., Pectinohacter amyh- 
philim, 38. 

Malenkovic, B., Coniophora cerebellU) 
115, 284, 304. 

— , effect of micro-organisms on 
growth of Merulius lacrymans, 127. 

Marsden, P., see Fowler, G. J. 

Mason, 0., see Esten, W. M. 

Massee, G., Pematium puUulans and 
Oladosporium herhamm, 93. 

— , morphology of S|iecific fungi, 116, 
118, 121-2, 128, 131-3, 142. 

Mazd, P., fermentation of organic 
salts, 316. 

— , isolation of cellulose-decomposing 
bacteria, 213, 

McBeth, I. G.j see also ICellerman, 

K. E. 

McBeth, I. G , and P. M. Scales, cellu- 
lose-decomposing bacteria, 47-9, 
62*. 

— , — , medium for cellulose-decom- 
posing bacteria, 47. 

— , — , specific fungi decomposing 
cellulose, 97, 100, 104-5, 107-8. 

— , — , Vibrio rugula, 36. 

McCubbin, W. A., discoloration of 
pulp ft-om decayed wood, 288. 

Meacham, M. E., influence of pH on 
growth of fungi, 293. 

Meinecke, E. P., Polyporas volvatus, 
134-5. 

Merker, E., cellulose - decomposing 
bacteria, 52. 

Messmer, E., see Hess, K. 

Metchnikoff, E., M. Weinberg, E. Po- 
zerski, A. Distaso, and A. Berthelot, 
intestinal d ecomposi tion in bat , 216. 

Meyer, A., Baa. aslerosporus, 33. 

Meyer, H., see Eller, W. 

Mezzadroli, G., decomposition of 
hemicellulose of Phytelephas macro- 
carpa, 80, 318, 

Michelet, E., and J. Sebelien, hemi- 
celluloses and humus formation, 
213. 

Miehe, H., spontaneous heating of 
hay, &c., 196-7, 199, 231. 

— , organisms in spontaneously- 
heated hay, 232-3, 236. 

— , actinomycetes in compost heap, 

202 . 

Miller, G. V., see Willstfitter, E, 

Mitchell, J., appearance of wood in 
incipient and typical stages of 
decay, 277-8. 


Mitchell, J., decay of mine timber, 
277-8, 280, 292. 

— , specific fungi on mine timber, 
125, 134, 136, 139, 141_, 277. 

Mitscherlich, E., bacterial decompo- 
sition of coll walls of potato, 18, 86, 
162, 184. 

Miyoshi, M., decomposition of cell 
walls by fungi, 102, 144-5, 276. 

von Mohl, H., cell structui’e in gum 
tragacanth, 6. 

Molisch, H., phosphorescence of de- 
caying wood, 89, 140, 276. 

Molliard, M., see Gatin, C. L. 

Monier-Williams, G. W., action of 
hydrochloric acid on cellulose, 6. 

Morris, L. E., see Bright, T. B. 

Muller, W., and P. Tobler, entry 
of retting organisms into plant 
tissues, 166. 

Miintz, A., products of decay of 
vegetable debris, 208. 

N. 

Nain, K., see Brooks, E. St. John. 

Nathan, Sir Frederic, production of 
methane by fermentation, 817. 

Neuberg, C., and E. Cohn, acetal- 
dehyde formation in cellulose 
fermentation, 192, 

Neuman, E. 0., see Lehmann, K. B. 

Newcombe, F. 0., fungal decomposi- 
tion of heniicolluloses, 86. 

Nicholls, L,, cacao fei'mentation, 236, 

Nikitinski, J., microbiological de- 
composition of huimts, 212. 

Nodder, C. E., see Eyre, J. V. 

Norris, P. W., see Olayson, D. H. F. 

Northrop, J. H., Bac. aocioethylicus, 
224, 229. 

Northrop, J. H., and L. H. Ashe, 
and J. K. Senior, Bao. aceioethylicvs, 
212 

Nuttall, G. H. P., and H. Thierfelder, 
intestinal raicroflora, 214-16. 

O . 

Oechsner de Coninck, W., fermenta- 
tion of cellulose, 68. 

Omelianski, V., action of iodine on 
Bac. fossiculanim and Bac. methani- 
genes, 218. 

— , decomposition of cellulose by Bac, 
fossiculanim, 22, 36, 67-8, 319. 

— , decomposition of cellulose byEao. 

. methanigenes, 22, 86, 64-6, 314-16. 

— J decomposition of gum by Bac. 
fossicularum and Bac. methanigenes, 
82, 161. 



INDEX OF 

Omelianski, V., decomposition of pec- 
tin by Bac. fossicularmn and Bac. 
methanigenes, 22. 

— , fermentation of calcium acetate, 
316. 

— , isolation of Bac. fossicularum and 
Bac. melhanigenes, 54, 210, 213. 

— , zone formation round colonies of 
cellulose decomposers, 49. 
Oosthuizen,.T. duP.,and A. M. Shedd, 
tobacco fermentation, 284-5. 

0rskov, J., aotinomycetes, 28, 65-6*- 
8*-9. 

Osborn, T. G. B., mildewing of cotton, 
100, 110, 155, 250, 254-5, 259. 

— , moisture in cotton mills, 252. 

Ost, H., and L.Wilckening, action of 
sulphuric acid on cellulose, 6. 

Otto, H., fungal decomposition of 
cellulose, 99, 113, 143, 147-8, 152. 
Oudemans, 0. A. J. A., and 0. J. 
Koning, action of micro-organisms 
in humus formation, 208. 

— , — , morphology of .specific fungi, 
142-3, 145, 151. 

— , occurrence of specific fungi in 
humus, &c., 80, 113, 142-8, 145, 
151, 163-4. 

von Oven, E., Bac. leguminiperdus, 34. 
Overholts, L. A,, fungal decay of 
pitch pine, 129, 135. 

P 

Panek, K., Bad. hetae viscosuin. 39. 
Pasteur, L., micro-organisms in in- 
testine, 214. 

Payen, A., i.solation of cellulose, 3, 

— , pectin in plant tissues, 4. 

Peck, 0. H., Polyporus halsameiis, 129. 
Pelouze, — , see Dumas, J. 

Perewosky, R., see Pringsheim, H. 
Petenson, W. H., see also Fred, E. B., 
Schmidt, E. G., and Viljoen, .T. A. 
Peterson, W. H., and E. B. Fred, 
Bad. ladipentoaceiicum, 42. 

Peterson, W. H., E. B. Fred, and 
J. H. Yei-lmlst, ensilage, 224. 
Peterson, W. H., E. G. Hastings, and 
E. B. Fi'ed, ensilage, 230. 

Petit, H., see Koch, A. 

Pfenninger, U., see Schulze, E. 

Pierre, I., decay of vegetable debris, 
208. 

Popoff, L., evolution of methane in 
. decomposition of vegetable matter 
under water, 19, 213. 

— , bacterial decomposition of cellu- 
lose and gums, 32. 

Potonid, H., see also Koorders, S. H. 


AUTHORS 331 

Potonid, H., climatic conditions 
during peat deposition, 242. 

Power Gas Corporation, Ltd., see 
Langwell, H. 

Pozerski, E., see Metchnikoff, E. 

Prazmowski, A., Bac. amylohacter, 36. 

— , Clostridium polymyxa, 36. 

— , Vibrio rugula, 36. 

Preyer, A., cacao fermentation, 236. 

Pribram, E., Aspergillus flams, 83. 

Prillieux, E., and G. Delacroix, origin 
of gums, 5. 

Pringsheim, H., action of eellulase 
on cellulose, 21. 

— , decomposition of cellobiose, 43. 

— , decomposition of cellulose, 53, 
189-90, 211. 

— , decomposition of hemicelluloses, 
41, 187. 

— , constitution of cellulose, 7. 

— , fixation of nitrogen and cellulose 
decomposition in soil, 211. 

— , fixation of nitrogen by Bac. amtjlo- 
bacter type, 201. 

— , nutritive value of cellulose, 217. 

Pringsheim, H., and A. Aronowsky, 
decomposition of inulin, 271. 

Pringsheim, H., and W. Fuchs, bac- 
terial decomposition of lignin, 
193-4. 

Pringsheim, H., and S. Lichtenstein, 
bacterial decomposition of lignin, 
194. 

— , — , cellulose-decomposing bac- 
teria, 49. 

Pringsheim, H., and R. Perewosky, 
decomposition of inulin, 272. 

R. 

Rabenhorst, L., habitat of Bidamia 
acremonioides, 87. 

— , morphology and synonyms of 
specific fungi, 78-156. 

Rahn, 0., reaction curves of enzymes 
and micro-organisms, 227. 

Raman n, E., 0. Remeld, — Shellhorn, 
and M. Krause, ratio of bacteria to 
fungi in forest soils, 76, 207-8. 

Ramsbottom, I., destruction of fabrics 
by micro-organisms, 162, 256, 261. 

Rathay, E., origin of gums, 5. 

Reilly, J., W. J. Hickenbottom, 
F. R. Henley, and A. 0. Thaysen, 
fermentation of carbohydi'ate ma- 
terial by Bac. amylobacter, 162-3. 

Reiners, A. H., mildewing of cotton, 
97-8, 100, 102, 254. 

— , moisture requirements of fungi, 
252. 


332 


INDEX OF AUTHORS 


Reiser, 0., see Einmerling, 0. 

Eeiset, J., gases of manure heap, 17, 

200 . 

Eemel^, C., see Ramann, E. 

Etoault, B., micro-organisms in coal, 
244. 

Rhodes, M., see Brooks, E. Sfc. John. 
Richards, C. A., see Kress, 0. 
Richards, E. H., see also Hutchin- 
son, H. B. 

— , aerobic fermentation of manure 
heap, 202. 

— , production of methane from vege- 
table debris, 313-14. 

Riefenstahl, R., structure of lignin, 9. 
Rippel, A., denitrification, 211. 

— , microbiological decomposition of 
hemicelluloses, 187. 

Rose, R. E., and M.W. Lisse, chemical 
changes resulting from decay in 
wood, 284-6. 

Rosenberg, E , pectin in fruits and 
roots, 11. 

Rossi, G., Bac. comesii and aerobic 
retting process, 33, 163, 178-80. 
Rullmann, W., Bact. fermgineum, 43. 
— , humus formation by actinomy- 
cetes, 209. 

Rusohmann, G., aeration and acid 
pi'oduction in retting, 178. 

— , aeration of retting liquor and 
development of Baa. amylohacter, 167. 
— , decay of flax fibres by mici*o- 
organisms, 261. 

— , development of anaerobes in aero- 
bic retting, 179. 

■ — , fungi and dew-retting, 79, 81, 93, 
100, 150, 181, 264-6, 270. 

— , isolation of aerobic retting bac- 
teria, 180. 

— , merits of varying retting pi’o- 
cesses, 180. 

— , Ochmann retting process, 176. 

— , oxidation of organic acids in 
drying after retting, 172. 

— , production of carbon dioxide and 
hydrogen in anaerobic retting, 
168. 

— , production of methane in retting 
in stagnant water, 172. 

— , removal of contents of flax straw 
in physical stage of retting, 166. 

— , I’eplacement of retting liquor in 
Rossi process, 180. 

Russell, E. J., silage, 224-6. 

Ruyter deWild, J. C.,sfleSjollema, B. 

S, 

Saare, 0., preparation of starch from 


potatoes by pectin formentation, 
184-6. 

Saccardo, P. A., Bematimi pullulans 
and Cladosporium herbanmi, 93. 

— , morphology of specific fungi, 79, 
109, 143. 

Sack, J., bacteria decomposing cellu- 
lose, 60. 

Saenger, H., see Eller, W. 

Samarini, P., ensilage, 226, 229. 
Sandberg, E., see Edin, H. 

Sawamura, S., bacterial decomposi- 
tion of horaicolluloses, 22, 41, 187. 
Scales, E. M., see also Clark, E. D., 
Kellerman, K. F., and McBeth, I. G. 
— , fungal decompositioir of cellulose, 
97-109, 146. 

Schardinger, F., Bac. macorans, 34. 
Scheible, E., destruction of wood by 
fungi, 116, 127. 

— , optimum moisture conditions for 
fungal growth, 127, 279. 
Sehellenberg, H. C., fungal decompo- 
sition of cellulose, 118, 147, 160. 

— , fungal decomposition of constitu- 
ents of vegetable tissues, 77, 91. 

— , fungal docompo.sition of hemi- 
celluloscs, 78-82, 86, 88-98, 187, 
Sell en ok, — , warm water retting, 
178. 

Schepmann, W., see Lehno, A. 
Scheunert, A., see also Ellonberger, W. 
— , intestinal decomposition of cellu- 
lose, 216. 

Schiff-Giorgini, R,, Bac. oleae, 84. 
Schlbsing, Th., evolution of methane 
from manure heap, 66. 

Schmidt, C., presence of cellulose in 
T'unicata, 4. 

Schmidt, E. G., W. H. Peterson, and 
E. B. Fred, fungal decomposition of 
pentosans, 81, 88, 86, 187, 318-19. 
Schmiedobei’g, 0., origin of huraxia, 
206. 

Schmitz, H., enzymes of wood-de- 
stroying fungi, 134. 

— , factors affecting fungal decay of 
wood, 276, 298. 

Schmitz, H., and S. M. Zeller, en- 
zymes of wood-destroying fungi, 
120 . 

Schorstein, J, , MeruUus lacrymans, 127. 
Scliostakowitsch, W., Bematium pitl- 
lulans and Cladosporiiim herlanm, 
93. 

Schottelius, M., intestinal decompo- 
sition of vegetable tissues, 216, 
Schrader, H. , see Fischei*, P. 

Schrauth, W., constitution of lignin, 


INDEX OE 

von Sclii-enk, H., fungal decay of 
wood, 128, 131-2, 140. 

— , morphology of Polyporus subacklus, 
132. 

— , production of hydrocyanic acid in 
fungal decay of wood, 121. 
von Schrenk, H., and P. Spaulding, 
fungal decay of wood, 117, 121, 
128-9, 133, 136, 285. 

— , morphology of Polystictus spp., 
136-7. 

Schiyver, S. B., see also Clayson, 
D. H. P. 

— , and collaborators, cytopectic acid, 

12 . 

Schryver, S. B., and D. Haynes, 
pectinogen, 11. 

Schulte im Hofe, A., cacao fermenta- 
tion, 236. 

Schulze, E., chemistry and occurrence 
of hemicelluloses, 4. 

Schulze, E., and U. Pfenninger, 
hemicelluloses of bean pods, 218. 
Schiitze, H., Actinomyces monosporus in 
spontaneously heated hay, 233. 

— , actinomycetes in silage, 230. 
Schweizer, E. , cuprammonium, 7-8. 
Searle, Gr. 0., microscopic study of 
damaged flax fibres, 263. 

Sebelien, J., see also Michelet, E. 

methyl pentosans in lignified 
' tissue.s, 11. 

Sde, P., destruction of paper by fungi, 
95-7, 99, 109-11, 146-8, 150-5, 262, 
289-92. 

— , morphology of specific fungi, 96-7, 
99, 111, 163-4. 

SeilliSi'e, G., intestinal decomposition 
of xylan, 42. 

Senior, J. K., see Northrop, J. H. 
van Senus, A. H. G,, alcohol forma- 
tion in cellulose fermentation, 191, 
319. 

Shedd, A. M., see Oosthuizen, J. duP. 
Shellhorn, — , see Ramann , E. 
Sherman, J. M., silage, 226, 229. 
Shorey, E. 0., see Lathrop, E. C. 
Sidehotham, E. J., Botrytis spp, on 
cotton, 113, 265. 

Siggers, P. V., Torula ligniperda in 
wood, 148. 

Sjollema, B., and J. C. Ruyter de 
Wild, metabolism of pentosans in 
rotting manure, 200. 

Skraup, Zd. H., cellobiose, 7. 

Skraup, Zd. H., and J. Konig, cello- 
biose, 7. 

Smith, E. P., Bact. hyacinthi septimm 
group, 33. 

Smith, N. R., see Kellerman, K. F. 


AUTHORS 333 

Smith, R. G., fungal destruction of 
apple-ti’ee constituents, 136. 

Smith, R. Grieg, fermentation of 
gum acacia, 31. 

— , origin of gums, 6. 

Smi’tz, H. H., tobacco fermentation, 
234. 

Snell, W. H., abnormal fructifica- 
tions of fungi, 125, 141. 

— , decay of wood by specific fungi, 
117, 120, 124, 126, 139, 141. 

— , moisture conditions for develop- 
ment of fungi, 279. 

— , morphology of laboratory cultures 
of specitlc fungi, 126, 139, 141. 

— , Trametes carnea and Femes roseus, 
138. 

Soltau, J., retting process, 175. 
Sorauer, P., origin of gums, 6. 

Soutar, C. W., see Irvine, J. 0. 
Spaulding, P., see also von Schrenk, H. 
— , decay of wood by Lensites sepiaria, 
126. 

Starkey, R. L., decomposition of 
straw in soil, 211. 

Steglich, — , activity of bacteria in 
dew-retting, 182. 

Stocks, H. B., action of bacteria 
on gum tragasol, 31. 

Stoklasa, J., bacterial decomposition 
of xylan, 42, 188. 

— , role of micro-organisms in peat 
formation, 247. 

Stoklasa, J., and A. Ernest, pro- 
ducts of decomposition of vegetable 
debris, 208. 

Stopes, M. C., and R. V. Wheeler, 
formation of coal, 240-1, 247. 

— , — , nature of ulmins, 205. 

Storm er, K., see also Hiltner, L. 

— , action of bacteria in dew-retting, 
182. 

— , decomposition products of pectin 
in retting, 161. 

— , development of Actinomyces chromo- 
genes on humus, 70. 

— , isolation of Plectridium pectinovorum 
{Bac. amylobacter) type, 87-8. 

— , presence of lignified pectin in 
flax, 11, 170. 

— , pure cultures of Plectridium pectino- 
vorum in retting, 174. 

Summers, P., see Bright, T. B. 
Sutermeister, E., use of decayed wood 
in pulp manufacture, 288. 

Sutton, R. W.-, see Trotman, S. R. 
Suzuki, S., hemicelluloses and humus 
formation, 212. 

Swanson, 0. 0., and E. L. Tague, 
silage, 224, 228. 


334 


INDEX OE AUTHOES 


T. 

Tague, E. L. , see Swanson, C. 0. 

Tappeiner, H., intestinal decomposi- 
tion of cellulose, 19-20, 216. 

— , reaction for cellulose-fermenting 
bacteria, 57. 

Tarozzi, G., development of anaerobic 
bacteria in presence of oxygen, 
167. 

Taylor, H. F., and A. W. Wells, 
treatment of fishing-nets, 271. 

Tliaxter, E., myxobacteria, 62. 

Thaysen, A. C., see also Fleming, N., 
and Eeilly, J. 

— , effect of lactic acid on develoj)- 
ment of £ac, aniylobacier, 168. 

Thaysen, A. C., and H. J. Bunker, 
microbiological destruction of arti- 
ficial silk, 272. 

— , — , I’ates of decay of different 
cottons, 267*-9. 

— , — , swelling test, 266-7. 

Thaysen, A. 0., W. E. Bakes, and 
H. J. Bunker, microbiology of peat 
and humus formation, 248-9. 

Thierfelder, H., see Nuttall, G. H. F. 

Thiessen, E., see also D. White. 

— , fungus spores in coal, 244; 

Thom, C., description of Pe^iicilliimi 
spp., 86, 100-9, 

Thomson, W., mildewing of cotton, 
250. 

van TieghenijPh., Bac, amyMacier,18, 
86. 

— , presence of Bac. amylobaclerin coal, 
244. 

Tobler, F., see also Muller, W. 

— , Bac. felsineus and retting, 167, 
174. . 

— , suitable substrata for dew retting 
of fibres, 180. • 

Todd, J. A., felting of baled fibres, 
259. 

Tr6cul, A., Amylobacter, 18, 36. 

Trotman, S. E., and E. W. Sutton, 
action of Bac. meseniericus and Bac. 
subiilis on cotton, 62, 260-1. 

Trusov, A, G., hem i celluloses and 
humus formation, 212. 

Tschirch, A., pectin and protopectin, 

— , spontaneous heating of hay, &c., 
231. 

Tsiklinsky, P., actinomycetes in 
faecal matter, 202. 

von Tubeuf, 0., destruction of wood 
by fungi, 22, 193, 276*, 278* 
281-2*. 

— , moisture content of wood, 274. 


Tutin, F., pectin and protopectin, 

12 . ’ 

Tuzson, J., decay of wood by specific 
fungi, 111, 118-19, 136, 142, 149. 

V. 

Veitch, F. P., see Levine, B. S. 

Verhulst, J. H., see Peterson, W. H. 

Vernhout, T. H., tobacco fermenta- 
tion, 236. 

Viljoen, J. A., see also Fred, E. B. 

Viljoen, J. A., and E. B. Fred, intro- 
duction of undecomposed plant 
material into soil, 196. 

Viljoen, J. A., E. B. Fred, and W. H. 
Peterson, cellulose fermentation by 
thermophilic bacteiium, 61-2. 

Volker, H. L. W., preparation of 
starch from potatoes by fermenta- 
tion of pectin, 183-4. 

Voskressensky, bacterial decomposi- 
tion of cherry-tree gum, 31. 

do Vries, J. J, Ott, see Boekhout, 
F. W. J. 


W. 

von Wahl, Bao, malakofaciens, 34. 

Wakaman, S. A., and E. E. Curtis, 
classification of actinomycetes, 69. 

— , — , decomposition of cellulose by 
actinomycetes, 72-4. 

Ward, H. Marshal], action of fungi 
on plant cell walls, 20. 

Wehmer, 0., Aspergillus Wentii, 86-6, 
99. 

— , cellulose decomposition and 
humus formation, 207, 209. 

— , decomposition of straw by fungi, 
204. 

— , decomposition of wood and humus 
formation, 209. 

— , fungal decay of wood, 99, 116. 

— , pectin decomposition in plant 
diseases, 186. 

— , role of fungi in peat and coal 
formation, 247. 

Weimer, J. L., see also Harter, L. L. 

Weimer, J. L., and L. L. Harter, 
pectin decomi)osition by Mucor 
stolonifer, 81. 

Weinberg, M., see Metchnikoff, E. 

Wells, A. W., see Taylor, H. F. 

Welsford, E. J., see Blackman, W. H. 

Weltzien, W., see Hess, K. 

Went, F. A. F. C, , Monilta silophila, 91. 

Westling, E., descriptions of Beni- 
cillium spp., 104-6. 

Wheeler, E. V., see Stopes, M. 0. 



INDEX OF AUTHORS 


335 


White, _D., and R, Thiessen, climatic Willstatter, R, L. Kalb, and O. V. 
conditions during peat deposition, Millar, constitution of lignin, 9. 
242. Winogradsky, S., Clostridium Pas- 

— , — , derivation of peat and coal teurianim, 87. 

from cellulose and lignin, 247. Wislicenus, H., formation of lignified 

— , — , microbiology of peat and coal tissues, 8. 

formation, 244-6. van Wisselingh, 0., presence of cel- 

— , — , origin of coal, 239-40. lulose in algae, 4. 

— j — , peat formation in Dismal Wollenweber, H. W., see Appel, 0. 

Swamp, 242-3. Woltje, W., action of Penicillmm s:pp. 

— , rate of deposition of peat and coal, on cellulose, 104, 106. 

241. 

Wiesner, — , reactions of liguocellu- 
lose, 8. 

Wilckening, L., see Ost, H. 

Williams, G-., see Amos, A. 

Williams, H. E., action of thio- 
cyanates on cellulose, 7, 270. 

Williamson, H. S., see Horne, A. S. 

Willstatter, R., and L. Zechmeister, 
action of hydrochloric acid on cel- 
lulose, 6. 



Z. 

Zechmeister, L., see Willstatter, R. 
Zeller, S. M., see also Schmitz, H. 

— , fungal decay of wood, 276, 
292. 

— , moisture content of wood and 
germination of fungus spores, 279. 
Zempl(in, G., constitution of suberin, 
10 . 



(An asttrisk denotes an illustration.') 


A. 

Abies balsamea, heart rots of, 306-8. 
Acer rubrum, white rot of, 276*. 
Acetaldehyde, formation of, in cellu- 
lose fei'mentation, 192. 

— j — , in glucose fermentation, 192. 
Acetic acid, production of, by Bac. 

amylobacier, 37, 162-3. 

— ^ — I by Bac, celMosae dissolvens, 69. 
— , — , by Bac. fossicularum, 58. 

— , — by Bac. meseniericus ruber, 199. 
— , — , by Bac. methanigenes, 56. 

— , — , by Bac. ihermophilus, 199. 

— , — , by Clostridium thermocellum, 62. 
— , — , by thermophilic bacteria, 
60-2. 

— , — , in cacao fermentation, 236. 
— , — , in cellulose fermentation, 16, 
66, 68-62, 191, 319-21. 

— , — , in decomposition of vegetable 
matter, 208, 213, 216, 228-9, 232. 
— , ■ — , in ensilage, 228-9. 

— , — , in fermentation of corn cobs, 
320. 

— , — , in heating of hay, 232. 

— , — , in hemicellulose fermentation, 
42, 199, 321. 

— , — , in intestine, 42, 216. 

— , — , in nature, 16. 

— , — , in pectin fermentation, 161-8, 
169, 177, 184. 

— , — , in retting, 161, 169, 177. 
Acetone, action of Bac. mesentericus on, 
169. 

— , production of, by Bac. acetoeihylicus, 
212, 

— , — , by Bac. amylobacier, 37, 162-3, 
169. 

— , — , by Bac. riolaceus aceionicus, 34. 
— , — , in ensilage, 224. 

— , — , in pectin fermentation, 169, 
177. 

— , — , in xylose fermentation, 212. 
Acetone-butyl alcohol fermentation 
of starch, 162-3. 

Acids, see also Acetic, Butyric, Lactic, 
&c. 

— , action of, on cellulose, 1, 6-7, 20. 


Acids, action of, on gums, 13, 20. 

— , — , on hemicellulosoa, 4, 10, 20. 
— , — , on lignin, 9. 

— , — , on pectin, 11, 20. 

— , orgairic fermentation of, 316. 

— , oxidation of, in drying after ret- 
ting, 172. 

— , — , in silage, 226. 

— , production of, by Bac. amylobacier, 
37, 169. 

— , — , by Bac, fossicularum, 58. 

— > — ! hy Bac. methanigenes, 56-6. 

— ) — I violacous aceionicus, 34. 

— , — , by Spirochaeta cytophaga, 46. 

— , — , hy thermophilic bacteria, 60-2. 
— , — , in cellulose fermentation, 16, 
46, 66-6, 68, 60-2, 191, 204, 217, 
314, 316, 321. 

— , — , in ensilage, 227-9. 

— , — , in gum decomposition, 81. 

— , — , in hemicellulose fermentation, 
41, 200-1, 212, 814, 321. 

— , — , in intestine, 216-17. 

— , — , in manure heap, 200-1, 204. 
— , — , in pectin fermentation, 87, 

169. 

— , — , in rotting, 167, 109-71*, 173, 
177-80. 

~, — , in soil, 212. 

— , — , in wood decomposition, 293. 
— j reduction of, in retting, 173, 178. 
Acladium herbarum, see Oladosporium 
herbarum, 

Acrostalagmus cinnabarinus, 146, 289- 
91. 

— , var. nana, 146. 

Acrothecium spp., occurrence of, on 
cotton, 266. 

Actinomyce, see Tremella meteorica, 
Actinomyces albus, 72. 

— aureus, 73. 

— bovis, 66-6. 

— celMosae, 70. 

— chalceae, 68-9*. 

— chromogenes, see also Act. Jlavochro- 
magenus, 70. • 

— cloacae, 74. 

— diastaiicus, 70. 

— exfoliatus, 78. 
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Aciinomyces flavochrqpiogemis, 71. - 
— flavus, 71. 

— f radii, 73. 

— griseo-Jlavus, 71 . 

— griseiis, 71. 

— lipmanii, 73. 

— melanocycliis, 71. 

— melanosporus, 71. 

— microflavus, 72. 

— monosporusj 233. 

— parvus, 72. 

— roseus, 72. 

— 7'uher, 72. 

— sp., 290. 

— violaceus-caesari, 73. 

— violaceus-niler, 74. 

— viridochromogenus, 74. 

Aciinomycetes, action of, in compost 

and manure heaps, 202, 204. 

— , — , in humification, 209. 

. — , — , in intestine, 218. 

— , — •, in soil, 207. 

— , classification of, 26, 66-9, 

— , conditions favourable for growth 
of, 258. 

— , decomposition of cellulose by, 
69-74, 76, 204, 207, 209, 218. 

— , — of gums by, 69, 74. 

— , — of hemicelluloses by, 69, 74-6, 
188, 202, 204, 207. 

— , — of humus by, 70, 212. 

— , — of pectin by, 69, 74-5, 202. 

— , — of vegetable matter by, 70, 76, 
202, 204, 207, 218. 

— , moi'phology and phy.siology of, 
66*-8*-9. 

— , nomenclntui’e of, 65-6. 

— , occurrence of, in faecal matter, 
202. 

— , — , in silage, 230. 

— , plant pathogenic, 75. 

— , production of quinone by, 70, 209. 
Agar-agar, decomposition of, by 
micro-organisms, 39-41. 

— , presence of gelose in, 22, 39. 
Agaricaceae, role of, in decomposition 
of vegetable tissues, 77. 

— , species of, attacking wood, &c., 
140-2. 

Agariuus abietinus, see Lensites abietina. 

— alneus, see Schizophyllum commune. 

— annularis, see Armillaria mellea. 

— asserculorum, see Lensites abietina. 

— behdinus, see Lenzites sepiaria. 

— Bolctiformis, see Lenzites sepiaria. 

— croceolamellatus, BHQFaxilluspanuoides. 

— dubius, see jDaedalea quercina. 

— hirsutus, see Lenzites sepiaria, 

— labyrinthiformis, see Laedalea quer- 
cina. 
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Agaricus lamellirugus, see Paxillus pa- 
■nuoides. 

— lepideus, see Lentiniis lepideus. 

— melleus, see Armillaria mellea, 

— multifldus, see Schizophyllum com- 
mune. 

— niutabilis, see Armillaria mellea. 

■ — obscurus, see Armillaria mellea. 

— panuoides, see Paxillus panuoides. 

— quercinus, Humboldt, see Lenzites 
sepiaria. 

Linnaeus, see Laedalea quercina. 

— radiatus, see Schizophyllum commune. 

— senescens, see Lenzites abietina. 

— sepiariiis, see Lenzites sepiaria. 

— squamosus, see Leritimcs lepideus. 

— stipitis, see Armillaria mellea. 

— tesselatus S, see Lentinus lepideus. 

— tigrinus, see Lentinus lepideus. 

— irabeus, see Lenzites trabea. 

Alcohol, see also Ethyl, Butyl, &c. 

— , ijower, production of, 817-21. 

See also Ethyl alcohol. 

— , production of, by Bac. fossicularmn, 
58. 

— ) — ) violacens acetonieus, 34 

— , — in cellulose fermentation, 58, 
319-21. 

— , — , in ensilage, 224, 226-9. 

— , — , in hemicellulose fermentation, 
188, 212, 317-19, 321. 

— , — , in soil, 212. 

Aleuria omphalodes, see Pyronema con- 
fluens. 

Algae, presence of cellulose in, 4. 

— , role of, in natural decay of vege- 
table matter, 28. 

Alimentary canal, production of gases 
in, 216. 

Alkalies, action of, on cellulose, 7-8. 
Alternaria chartarum,.lbZ, 290-1. 

— humicola, 163, 290-1, 

— polymorpha, 153-4, 289-91. 

— spp., decomposition of cellulose by, 
264. 

— ■ — , destruction of paper by, 290. 

, fixatioir of nitrogen by, 262. 

, mildewing of fibres and fabrics 

by, 152-3, 254. 

— — , occurrence of, in decaying 
plant material, 1 62, 288. 

Amanita crispa, see Lentinus lepideus. 
Amino-acids, formation of, in silage, 
224. 

Ammonia in cellulose and lignocel- 
lulose decomposition in soil, 211. 

— in hemicellulose decomposition in 
soil, 212. 

— , production of, by actinomycetes, 
202. 
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Ammonia, production of, by Bac, 
meseniericus ruber, 199. 

— , — , by Bad. Jluorescens, 199. 

— , — , in ensilage, 224. 

— , — , in compost and manure heaps, 
18, 201-2, 204. 

— , utilization of, by fungi, 252. 
Amygdalaceae, exudation of gum by, 6. 
Amylobacter, see Bac. amylobader. 
Amylomyces Rouxii, see Mucor Bouxia- 
nus. 

Amylose, production of, by Bac. amylo- 
bader, 37, 40*. 

Anodoirichum, see BlastotncJmm. 
Antiseptics, addition of, to sizes, 
258. 

— , prevention of microbiological 
decay by, 257-8, 270-1. 

Apple tree, destruction of wood of, 
by Polysiiciiis rersicolor, 136. 

Araban, decomposition of, by micro- 
organisms, 22, 41. 

Arabinose, from pectin and gums, 13, 
22. 

Arachis hypogaea, preparation of Ont- 
jom cakes from nuts of, 91. 
Arachnides, mould production by, 208. 
Armillaria mellea, destruction of wood 
by, 140, 301. 

— , diagnostic characters of wood 
destruction by, 301. 

— , morphology of, 140, 

— , production of phosphorescence by, 
140, 276. 

— , — of white rot by, 140, 301. 
Artichokes, Jerusalem, white rot of, 
33. 

Artificial silk, destruction of, by 
micro-organisms, 257, 271-2. 
Asafoetida gum-resin, source of, 5. 
Ascobolus inquinanS) see Bulgaria poly- 
morpha. 

Ascomycetales decomposing cellulose 
and lignin, 96-116. 

hemicelluloses and pectin, 83- 

91. 

Ascophora elegans, see Thamnidiuni ele- 
gans. 

— mucedo, see Mucor stolonifer. 

— pulchra, see Thamnidium elegans. 
Ascoiricha chartarum, see Chaetomium 

charicmm. 

Ash, white, occurrence of Tonila 
ligniperda on wood of, 148. 
Aspergillaceae decomposing cellulose, 
96-109. 

hemicelluloses and pectin, 83-7. 

Aspergillus bnmneofuscus, 96, 289-91. 

— cellulosae, 96, 98-9. 

— clavatus, 97. 


Aspergillus Jlavescens, see Aspergillus 
flams. 

— flavus, 83, 97. 

— fumigatus, 83, 97, 233. 

— glaucus, 84, 97. 

■ — nidutans, 98. 

— niger, 84-5, 98. 

— nigrescens, see Aspergillus fumigatus. 

— nigricans, see Aspergillus niger. 

— orysae, 85, 99. 

— repens, see Aspergillus glaucus. 

— spp., decomposition of cellulose by, 
96-9, 181, 251, 254. 

, — of hemicelluloses by, 83-6, 

319. 

, moisture requirements of, 261-2. 

— — , occurrence of, on fibres and 
fabrics, 181, 261, 264. 

, role of, in destruction of plant 

tissues, 77, 288. 

— suhfuscus, see Aspergillus flams. 

— sulphureus, 99, 289-91. 

— Wentii, 85-6, 99. 

Auricularia auraniiaca, see Stereuin 
hirsuium. 

— nicotiana, see Coniophora tabacina. 

— persisiens, see Stcreim purpureum. 

— reflexa, see Siereum hirsuium, 

— tabacina, see Coniophora tabacina. 


B. 

Bacillus ucetocihyiicus, fermentation of 
pentoses in silage by, 224, 229. 
, source and properties of, 212. 

— amylobacter, action of, in retting, 
167-9, 174, 178-9, 182. 

, — , in compost and manure 

hoap, 201. 

, — poctosinase of, 22. 

, decomposition of carboliydratos 

by, 162-8, 186, 188, 190. 

, diastatic enzymes ol|, 186. 

, early study of, 18-19, 36. 

, effect of lactic acid on, 167-8. 

, — of oxygen supply on, 178. 

, fermentation of pectin by, 86 - 

8, 162, 168-9, 184-6, 201. 

, fixation of nitrogen by, 190-1. 

, formation of amylose in, 37, 

40*. 

, morphology, physiology, and 

cultivation of, 37-8, 40*. 

, occurrence of, in coal, 244. 

, — , in intestine and soil, 201. ' 

— — , preparation of potato starch by, 
184-6. 

, production of alcohol by, 37, 

162-3, 169. 
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Bacillus amylobacier, relationship of 
other organisms to, 36-7, 218. 

and cellulose decomposition, 

190-1. ’ 

— amijlolyticus, 47. 

— asterosporus, 33-4. 

— calfactor, 232-3. 

— cellulosae desagregans, 36. 

— — dissolvens, fermentation of 
cellulose by, 69, 191, 203, 316, 319. 

, morphology, physiology, and 

isolation of, 59. 

, presence of, in manure heap, 

191. ■ ’ 

, production of alcohol by, 69, 

191, 319. ’ ’ 

— comesii, 33-4, 179-80. 

— mienbachensis, 42. 

—felsineus, action of, in retting, 167. 
174-5. 

, cultivation and morphology of, 

167, 174-6. 

, fermentation of pectin by, 38, 

185. 

— • — , preparation of potato starch by, 
185. ’ 

, relationship of, to Bac. aniylo- 

bacter, 38, 175, 

— ferrugineus, see Bacterium ferrugi- 
neuni. 

— fossicuhintm, decomposition of pec- 
tin by, 22. 

, fermentation of cellulose by, 

22-3, 54, 56-8, 191, 213, 319. 

■ , growth oij in glucose, 192. 

, iodine reaction of, 218. 

isolation and morphology of, 

54, 67, 213. 

, presence of, in manure heap, 

204. 

, resemblance of, to Bac. cellulosae 

dissolvens, 69. 

— ■ graveolens, see Bac, vulgatus. 

— leguminiperdus, 34. 

— niacerans, 34. 

• — ■ malakofaciens, ' 3i. 

— Megatherium, decomposition of pec- 
tin by, 261. 

, — of pentosans and derivatives 

by, 188. 

occurrence of, on dew-retted 

fibres, 182. 

, relationship of, to Bac. Ellen- 

bachensis. 42. 

— mesentericus, action of, on acetone, 
169. 

, — , on pectin, 32-3, 261. 

, decomposition of cellulose by, 

52, 260-1. 

— of hexoses by, 188. 
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Bacillus mesentericus, occurrence of, in 
retting, 166-7, 181-2. 

— — , white rot of Jerusalem arti- 
chokes and potatoes by, 32-3. 

, group, action of, in intestine, 

218, 

, — , — , in manure and soil, 201, 

212. 

, — , decomposition of hemicel- 

lulosGS by, 201, 212. 

ruber, 41-2, 199. 

— methanigenes, decomposition of pec- 
tin by, 22. 

— ^ — , fermentation of cellulose by, 
^2, 54-7, 190, 192, 213-14, 316. 

, growth of, in glucose, 192. 

, iodine reaction of, 218. 

, isolation and morphology of, 

52* 54-6, 213. 

, presence of, in manure heap, 

204. 

— — , — of types resembling, in 
inte.stine, 218. 

, resemblance of, to Kroulik’s 

Bacillus (II, 2), 60. 

— mycoides, presence of, in retting 
liquor, 166. 

, — , in silage, 229. 

, — , on dew-retted fiax, 181. 

— oedemaiis maligni, 86. 

— oleae, 34. 

— polymyxa, 33. 

— rossicus, 47. 

— subiilis, decomiDOsition of cellulose 
by, 52, 260-1. 

, presence of, in retting liquor, 

1 66. 

, — , in silage, 229. 

, — , on dew-retted flax, 181. 

— iermo, 181. 

— ihermicus, 230. 

— ihermophilus, 199. 

— valericus, 230. 

— violaceus acetonicus, 34. 

— vulgatus, action of, on liemicellu- 
loses, 41. 

, — , on pectin, 32-3. 

, white rot of Jerusalem .arti- 
chokes and potatoes by, 82-3. 

— (II, 1) & (11, 2) of Kroulik, 60-1. 
Bacteria, acid-producing, and hemi- 

celluloses decomposition, 212. 

— , — , in cacao fermentation, 236. 

— , — , in retting, 166. 

— -, aerobic, in dew- retting, 182. 

— , cellulose-decomposing, effect of 
copper- reducing carbohydrates on, 
190. 

— , — , isolation of, 48-4, 47-62*, 54, 
56-7, 69, 61, 191, 261-2. 
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Bacteria decomposing cellulose, 18- 
20, 22-3, 40* 43-62*-62, 189-92, 
202-5 ,207-11 , 21 3-18,245-9, 257-71. 

gums, 19, 31-2, 161. 

— — hemicelluloses, 38-42, 188, 
199-201, 212, 218,230,314,317-18, 
321 

'pectin, 22-3, 32-8, 161-80, 183- 

5, 201, 216, 229-30, 261. 

— , decomposition of vegetable matter 
by, 76, 207-8. 

— , — of wood by, 274-5, 

— , denitrifying, and cellulose decom- 
position, 51-3, 196, 211. 

— , — , carbohydrate supply of, 188. 
— , — , in manure heap, 198-9. 

— , — , in retting, 166. 

, — , in soil, 52, 196, 211-12. 

— , destruction of fibres and fabrics 
by, 8, 268-72. 

— , glucose-fermenting, and acetalde- 
hyde formation, 192. 

—-, hydrogen-forming, and acetalde- 
hyde formation, 192. 

— , in coal, 244. 

— , in dew-retting, 182. 

— , in humus and peat, 208-9, 244-6. 
— , increase of rate of fungal decay 
through presence of, 275, 293. 

— , lipochrome pigments of, 189. 

— , moisture requirements of, 258. 

— , nitrogen - fixing, and cellulose 
decomposition, 43, 211. 

— , — , earbohydi*ate supply of, 188. 

— , pi-esence of cellulose in, 4. 

— , z’elative importance of, to fungi, 
76, 207-8. 

— , thermophilic, decomposing cellu- 
lose, 60-2, 190-1, 203, 319-20. 

— , — , — pectin, 38. 

Baeterium cmpMle, 202. 

— hetae viscosum, 39-40. 

— hiilgaricum group, 226, 229. 

— ■ cellaresohms a, 0, and 7, 61-2. 

— coU in retting, 166, 182. 

commune on dew-retted flax, 181. 

forma /oe«icoZ« in spontaneously 

heated hay, 232. 

group, decomposition of hexoses 

and potatoes by, 188. 

, resemblance of aerobic pec- 
tin decomposers to, 33. 

— • ferruginmm, 48-4. 

— Jlavigenum, 47. 

— fluorescens, denitrifying by, in , 
manure heap, 199. 

— — group, pectin decomposition 
by, 38-4, 

, symbiosis of Bad. oellare- 

solvens with, 51. 


Bacterium fluorescens liquefaciens, occur- 
rence of, on dew-retted flax, 181, 

— gelaticiim, 39, 

var. bergensis, 39. 

var. gemina, 39. 

Var. inergica, 39. 

— herbicola a aureum, 32. 

— htjacinthi sepiioim, 33. 

— lacUpenioaceticim, decomposition of 
hemicelluloses and derivatives by, 
42, 188, 321. 

, in silage, 228, 231. 

, morphology and physiology of, 

42. 

— ■ lactis acidi, 44. 

— maloacearum, 259. 

— Nenckii, 39-40. 

— opalescens, 51. 

— prodigiosum, 41. 

— viscosum, 61. 

Banana skins, fermentation of, 314. 
Bark, presence of suberin in, 10. 
Barley, spontaneous heating of, 97. 
Basidiomycctales, action of, on hemi- 
eelluloses and pectin, 91. 

— , destroying wood, 116-42. 

Bat, largo fruit-eating, intestinal flora 
and digestion in, 215. 

Bean pods, microbiological decompo- 
sition of, 218. 

— pulp, microbiological preparation 
of, 85. 

Beech wood, attack of, by fungi, 111, 
114, 118, 122, 142, 149. 

Beggiatoaceac, 29. 

Betula papyrifera, attack of, by Fomes 
fomentarius, 299*. 

‘ Beurre noir ’, 196-6, 198-9. See also 
Humus. 

Birch, attack of, by Femes fomentarius, 
122 . 

Bispora mnnilioides, 149. 

Black arm boll rot of cotton, 269. 
Blastotrichim piminioides, 147, 162. 

— spp., 147. 

Boehmeria, see Kamie. 

Bog, see ctlso Peat. 

— , desci'iption of, 242-8. 

— , peat formation in, 239-40. 

Boletus abietinus, A. P. de Candolle, 
see Polyporus amorphus. 

, Dickson, see PolysUdus abietinus. 

— adustus, see Polyporus adusius, 

— albus, see Polyporus borealis. 

— annulatus, see TramMes odorata. 

— applanatus, see Fames applanatus. 

— arboreus, see Morulius laoi'ymans. 

— airo-rufus at variegatus, see PolysUdus 
versicolor, 

— borealis, see Polyporus borealis. 
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Boletus caudicinus var. 1, see Polypoms 
sqiiamosiis. 

var. 2, see Polypoms sulphureus. 

— cellulosis, see Polypoms squamostis. 

— cinnalurinus, see Trameies cinna- 
barina. 


— citrmus, see Polypoms sulphureus. 

— coccineiis, see Trametes cinnabarinci. 

— conceniricus, see Polypoms adustus. 

— confragosa, see Daedalca confragosa. 

— contiguus see Trametes serialis. 

— coriaceits, see Polypoms sulphureus. 

— destructor, see Polypoms destructor. 
— fomentarius, see Pomes fomentarius. 

— fulms et semiovahis, see Pomes pini- 
cola. 


— igniarms, see Pomes pinicola. 

— imhricatus, see Polysiictus versicolor. 

— incarnatus, see Pohjstictus abietinus. 

— irregularis, see Polypoms amorphus. 

— juglandis, see Polypoms squamosus. 

— labyrinthifarmis, see Baedalea con- 
fragosa. 

— lacrymans, see MeruUus lacrymans. 

— lai'icis, see Pomes laricis. 

— lingua cervina, see Polyporus sul- 
phureus. 

— marginatus, see Pomes pinicola. 

— odoratus, see Trametes odorata. 

— officinalis, see Pomes laricis. 

— pellepom,s, see Polyporus adustus. 

— ■ pinicola, see Pomes pinicola. 

— platyporus, see Polyporus squamosus. 

— plicatus, see Polystictus versicolor. 

— purgans, see Pomes laricis. 

— purpurascens, see Polystictus abieti- 


nus. 


— • roseus, see Pomes roseus. 

• — squamosus, see Polyporus squamosus. 

— siipticus, see Polyporus stipticus. 

— suberosus, see Polypiorus adustus. 

— sidphureus, see Polyptoms sulphureus. 
• — • terntx, see Polypoms sulphureus. 

— vaillianiii, see Polypoms vailliantii. 

— vaporarius, see Polyporus vaporarius. 

— versicolor, see Polystictus versicolor. 
Boll rot of cotton, 269. 

Boswellia spp., olibanum from, 6. 
Botrytis amenticola, see Aspergillus nige^\ 

— Bassiana, 144. 

— cinerea, see Sclerotinia Pucheliana. 

— cinnabarinci, see Acrostalagmus cin- 
nabarinus. 

— spp., action of, on cell walls of 
plants, 20. 

, mildewing of fibres and fabrics 

by, 118, 256. 


— tenella, 146. 

— vulgaris, see also Sclerotinia Puclce- 
liana. 
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Botrytis vulgaris, decomposition of cel- 
lulose by, 113. 

j — of bemicelluloses and pectin 

by, 90._ 

— — , isolation of, from decayed 
leaves, 113. 

Bromus sterilis, use of, as substratum 
in dew-retting, 180. 

Bulgaria inquinans, see Bulgaria poly- 
morpha. 

— polymco'pha, 114. 

Burcardia turbinata, see Bulgaria poly- 
morpha. 

Butyl alcohol, production of, by Bac. 
amylobacter, 37, 162-3. 

, — , in retting, 163. 

^ -acetone fermentation of starch, 

162-3. 

Butyric acid, production of, by Bac. 
amylobacter, 37. 161-3, 169. 

; — > by Bac. cellulosae dissolvens, 

69. ’ 

5 — ) by Bac. fossicularim, 58. 

, — , by Bac. mesmtericus ruber, 

199. 

, — } by Bac. methanigenes, 56. 

— — , — , by thermophilic bacteria, 60. 

— , in cacao fermentation, 286. 

, — , in decomposition of cellu- 
lose, 16, 56, 68-60, 191, 321. 

, — of bemicelluloses, 42, 199, 

321. 

, — of monoses, 188. 

, — of pectin, 161, 163, 169. 

, — of vegetable matter, 208, 

213, 216. 

, — , in ensilage, 228-9. 

j — 7 intestine, 42, 216. 

, — , in nature, 16. 

, — , in retting, 161, 163, 167, 

169, 177. 

, — , in spontaneous heating of 

hay, 232. 

Byssus caespiiosa, see Gladosporium Jier- 
bamm. 

0 . 

Cacao bean, fermentation of, 284, 
236-7. 

, resemblance of ensilage to fer- ‘ 

mentation of, 237. 

Caecum, decomposition of cellulose 
in , 217. 

Calcium acetate, fermentation of, 
816. 

— bicarbonate, use of, in retting, ^6. 

— carbonate, use of, in retting, 176. 

— oxalate, formation of, in destruc- 
tion of wood by fungi, 116, 127, 
280, 293. 
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Calluna mlgaris, use of, as substratum 
in dew-retting, 180. 

Cantharelhis Dutrochetii, see Paxillus 
imnuoides. 

Canvas, addition of antiseptics to, 
271. 

— , destruction of, by micro-organisms, 
255, 261. 

Gapillaria bornhydna, see Sporotriclmm 
bomhycinuni. 

Carbohydrates, formation of liumus 
from, 205-7, 249. 

— , soluble, formation of, from cellu- 
lose in intestine, 217. 

— , — , loss of, in ensilage, 224, 227. 
Carbon bisulphide, reaction of, in 
viscose process, 8, 262. 

, sterilization of fibre plants by 

means of, 178. 

— dioxide, production of, by Bae. 
amylohacter, 37, 162-3. 

, — , by Bac. methanigenes, 54-5, 

315. 

, — , by Bac. fossiculanm, 54, 

57-8. 

, — , by Bac. ihermojJhilics, 199. 

, — , by thermophilic bacteria, 

60-1. 

, — , in decomposition of vege- 
table matter, 208, 213, 216, 227, 
229-30. 

, — , in ensilage, 227, 229-30. 

, — , in fermentation of cellu- 
lose, 54-5, 57-61, 191, 204, 289, 315. 

, — , — ofmonoses, 188, 199. 

, — , — of organic salts, 316. 

, — , — of pectin, 162-3, 168, 

177. 

, — , — of tobacco, 234. 

, — , in fungal decay of wood- 

pulp, 289. 

, — , in intestine, 216. 

, — , in manure heap, 17, 204. 

, — , in retting, 162-3, 168, 177. 

, — , in spontaneous heating of 

hay, 232. 

Carotin, relationship to, of pigment 
IDi’oduced by Micrococcus cytophagus 
and M. melanocycUis, 53. 

— 5 — , by Spirochaeta cytuphaga, 

189. 

Oari’ageen, 6. 

Catalysts, action of, in fermentation 
of tobacco, 235. 

Cedar, white, occurrence of, in ‘ Dis- 
mal Swamp ’, 243. 

Cell walls of plants, destruction of, 
by Boirytis sp., 20. 

— — of wood tissues, destruction of, 
by fungi, 274*-5, 297-8*-9*-308. 


Cellobiase, conversion of cellobiose to 
glucose by, 190. 

Cellobiose, action of Bac. amylobacier 
on, 190-1. 

— , constitutional relationship of, to 
cellulose, 7. 

— , effect of, on growth of cellulose 
decomposers, 190-1. 

— , enzymatic decomposition of, to 
glucose, 21. 

— , oxidation of, in cellulose decom- 
position, 190-1. 

— , production of, by lower fungi, 289. 
— , — , in decomposition of cellulose, 
21, 43, 189-90, 214, 217, 289. 

— , — , ~ of wood-pulp, by fungi, 
289. 

, in intestine, 217. 

— , utilization ol', by nitrogen-iixing 
bacteria, 43. 

Cellose, see Cellobiose. 

Oellulaso, conversion of cellulose to 
cellobiose by, 189-90. 

— , production of, by micro-organisms, 
21, 120_, 134. 

— , relationship of, to pectosinase, 
22-3. 

Cellulococcus, 60. 

Gellulomonas, 50. 

Cellulose acetate, comparative resis- 
tance ol', to microbiological decay, 
271. 

, physical structure of, 272. 

— , action of saliva on, 216. 

— , — - secondary llora' in decompo- 
sition of, 190-1. 

— agar, 48. 

— , chemistry and constitution of, 6-8. 
~, decomposition of, by actinomy- 
cetes, 69-74, 76, 204, 207, 209, 
218. 

— , — , by bacteria, 18-20, 22-3, 40*, 
62*, 43-62, 189-92, 202 -6, 207-11, 
213-18, 246-9, 267-71, 274-6, 813- 
21. 


— , — , by fungi, 20-1, 27-8, 76-7, 
95-166, 189, 204, 207-9, 233, 244 
246-7, 260-60*-l, 274*-8*-808, 321. 
— , — , early study of, 17-20. 

— , — , in cacao and coffee fermenta- 
tion, 236. 

— , — , in coal and peat formation, 
206-7, 244-9, 283. 


-, — , in compost and manure heap, 
17-18, 66, 192, 196-9, 202-7. 

, in destruction of fibres and 

fabrics, 8, 40*, 62*, 96-111, 118, 
142-66, 260-72. 

-, — , in ensilage, 222, 227, 229-80, 
248. 
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Cellulose, decomposition of, in intes- 
tine, 19-20, 63, 214-18. 

' — — , in retting, 172, 179, 183. 

— , — , in soil, 16-17, 44, 60-2, 60, 
70-4, 76-7, 97, 100, 106, 143, 149, 
156, 196, 204, 207-12. 

— , — , in spontaneous heating of 
vegetable matter, 233. 

— , — , under water, 19, 54, 56, 172, 
213-14, 247, 259, 261, 274-5. 

— dextrin, action of cellulase on, 21, 
189. 

, preparation of, 21, 

— fibres and hau’S, see Eibre.s, Cotton, 
Flax, &c. 

— , formation of humus from, 16, 199, 
206-7, 209-10, 246, 248-9, 

— , influence of Sad. malmceamm on 
formation of, in cotton boll, 259. 

— 3 — farmyard manure on decompo- 
sition of, in soil, 211. 

— , — nitrogen on decomposition of, 
211. 

■ — , manufacture of industrial com- 
pounds from, 313-21. 

— , nutritive value of, 217, 

— of flax stem, decomposition of, 22, 
172, 179. 

— 3 presence of, in suberin, 10. 

— , production of acetaldehyde in 
decomposition of, 192. 

— , — acetic acid in decomposition 
of, 16, 66, 68-62, 191, 319-21. 

— , — butyric acid in decomposition 
of, 16, 66, 68-60, 191, 321. 

— , — carbon dioxide in decomposi- 
tion of, 54-6, 67-61, 191, 204, 289, 
315, 

— , — cellobiose in decomposition of, 
21, 43, 189-90, 214, 217, 289. * 

— , — combustible gases in decompo- 
sition of, 313-14. 

— , — ethane in decomposition of,, 191. 
— , — ethyl alcohol in decomposition 
of, 69, 61-2, 191, 317-21. 

— , — formic acid in decomposition 
of, 60. 

— , — glucose in decomposition of, 21, 
189-90, 217, 289. 

: — , — higher alcohols in decompo- 
sition of, 68. 

— , — hydrogen in decomposition of, 
19-20, 64, 66-61, 191-2, 204, 313, 319. 
— , — methane in decomposition of, 
17, 19-20, 54-8, 60-1, 191-2, 204, 
213, 313-16. 

— , — organic acids in decomposition 
of, 16, 46, 65-6, 68-62, 191, 204, 
217, 314, 316, 321. See also Acetic, 
Butyric, &c. 


Cellulose, production of pigment in 
decomposition of, 44, 46, 62-3, 65, 
68-9, 189. 

— , — propionic acid in decomposition 
of, 58, 

— ; — valeric acid in decomposition 
of, 58, 

— , remaining in peat, 246. 

— , — in silage, 248. 

— , structure of, 7-8, 272. 

Cenangiaceae decomposing cellulose 
and lignin, 114. 

Gephalosporium sceptromyces, see Asper- 
gillus niger. 

Cephalothecimn candidtim, see Tricho- 
thecium roseiim. 

— roseum, see Trichothecium roseum. 
Cephaloirichum siemonites, see Siysanus 

siemonil.es. 

Ceraioslomella pilifera, 276. 

Cerine, presence of, in suberin, 10. 
Ghaetomellu korrida, 142. 

Chaetomiaceae decomposing cellulose, 
109-11. 

Chaetomium affine^ see Ghaeiomium Kun- 
seanum. 

— lostryohodes, 109-10, 289, 291, 

— chartanm, Berkeley, 110, 289, 291. 

— — , Ehrenberg, see Chaetomium 
Kunseanum. 

— fleberi, see Chaetomium Kunseanum. 

— globosum, see Chaetomium Kunseanum. 

— Kunseanum, 110-11, 289, 291. 

— spp., decomposition of cellulose by, 
109-11, 265. 

, destruction of paper by. 111, 

289-91. 

, mildewing of cotton goods by, 

109-10, 255. 

— — , occurrence of, on decaying 
vegetable matter, 111. 

— — , resemblance of Myxotrkhum 
chartanm to, 95. 

‘ Chalky quinine ’ fungus, see Fomes 
laricis. 

Chamaecyperis ihujoides, occurrence of, 
in ‘ Dismal Swamp ’, 243. 

Cherry-tree gum, action of bacteria 
on, 81. 

— wood, action of Aspergillus fumigaius 
on, 97. 

Chestnut, occurrence of Eidamia acre- 
monioides on wood of, 87. 

Chicken, pectin - decomposing bac- 
terium in intestine of, 35. 

— , experiments on digestion in, 215. 
Chinese yeast, 80. 

Ghlamydohaciei-iaceae, 29. 

Chlamydomucor racemosus, see Mucor 
racemosus. 
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Chloroform, steriliaation of fibre 
plants for retting experiments by, 
178. 

Cholesterol, structural resemblance 
of lignin to, 9. 

Cliondrus crisjms, carrageen obtained 
from, 6. 

Citromyces spp. and cellulose decompo- 
sition in soil, 100. 

Claclosporium herbanm, decomposition 
of cellulose by, 150, 181, 289-91. 

, — of bemicelluloses by, 93. 

, destruction of paper by, 150, 

289-91. 

, mildewing of cotton goods bj'-, 

150. 

, morphology of, 93-4. 

, occurrence and importance of, 

in dew-retting, 93, 150, 181-2, 
270. 

, presence of, in retting liquor, 

166. 

— spp., decomposition of cellulose by, 
150, 255. 

, fixation of atmospheric nitro- 
gen by, 252. 

, mildewing of fibres and fabrics 

by, 150, 255, 

, occurrence of, in rotten wood, 

288. 

, — , on wood-pulp, 160. 

Clavaria coniuia, see Xylaria hypoxylon. 

— digitata et hybrida, see A'ylaria poly- 
morpha. 

— Marta, see J^ylaria hypoxylon. 

— hypoxylon, see J^ylaria hypoxylon. 

Clostridium form, accumulation of, in 

tissues, during retting, 168. 

— Pasteurianum, action of, on cellu- 
lose, 37. 

, fixation of atmospheric nitrogen 

by, 252. 

, relationship of, to Bac. amylo- 

bacier, 37. 

— polymyxa, decomposition of pectin 
by, 36. 

— , presence of, in silage, 229. 

— , study of, by Trdcul and van 
Tieghem, iS, 36. 

— thermocellum, fermentation of cel- 
lulose by, 61-2, 191, 319-20. 

, — corn cobs by, 320. 

, isolation of, 61. 

— — , production of acetic acid by, 
61-2, 319-20. 

, alcohol by, 61-2, 191, 319- 

20. 

Clover, ensilage of, 225, 228. 

Coal, chemical changes in wood and 
the formation of, 246-7, 283. 


Coal, conditions of formation of, 
240-2. 

— , material forming, 240-2. 

— , microbiological aspect of formation 
of, 239-49. 

— , rate of deposition of, 241. 

— , relationship of formation of humus 
to formation of, 206, 245. 

— , role of cellulose and lignin in for- 
mation of, 206, 242, 244-9. 

— , — micro-organisms in formation 
of, 244-9, 292. 

— , — suberin in formation of, 194. 
Coccaccae, 29. 

Coco-nut, separation of coir from 
husk of, 183. 

Coffee bean, fermentation of, 234, 
236-7. 

Coir, prepai-ation of, 183. 

Colon, decomposition of cellulose in, 
217. 

Commiphora stpp., myrrh from, 6. 
Compost heap, see also Manure heap. 

, decomposition of cellulose in, 

195. 

, — bemicelluloses in, 195, 202. 

, — pectin in, 202. 

, microflora of, 196, 202, 204. 

Coniforin of lignin, fungal decompo- 
sition of, 126. 

Coniferous wood, see also Wood. 

, fungal destruction of, 121, 

128-5, 129-32, 186, 137-9, 141. 
Coniophoru eerebella, cultural study of, 
304. 

, destruction of constituents of 

wood by, 116-16, 283-4. 

, moistuih requirements of, 279. 

, morphology of, 116. 

— labacina, 116. 

Copper salts, treatment of fibres and 
fabrics with, 268, 271. 

Corchorvs, see Jute. 

Coremium glaiioum, see Penicillium ex- 
pansum. 

— vulgare, see Penicillium expansum. 
Cork, presence of suberin in, 10. 

— tissues, action of Micrococcus cyto- 
phagus on, 62. 

Corn cobs, alcohol fermentation of, 
820. 

Corticium evolmns, 116-17. 

— giganieum, see Peniophora gigantea. 

— puberum, see Peniophora pubera. 

— puteanum, see Coniophora eerebella. 
Cotton, action of micro-organisms on, 

260-71. 

— , — saliva on, 216. 

— , bacterial damage in damped bales 
of, 269. 
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Cotton, behaviour of, towai'ds swell- 
ing reagents, 8, 194, 257, 260* 
262*^4, 270. 

— , boll rot of, 259. 

— , cellulose content of, 3. 

— , ‘ country damage ’ of, 260. 

— , effect of food on rate of decay of, 
268. 

— , — ventilation on decay of stored, 
270. 

— , ‘felting’ of, 269. 

— goods, influence of sizing on mil- 
dewing of, 263. 

— , influence of moisture-content on 
number of bacteria in, 258. 

— , microscopical study of, 253, 260*, 
262*-70. 

— , mildewing of, 94, 97-100, 102, 
109-10, 113, 148, 160, 152, 166, 
250-8, 260*-l, 270. 

— , mode of attack of micro-organisms 
on, 266-7, 266-6. 

— } progress of decay in, studied by 
‘ swelling test ’, 265-9. 

— , rates of decay of different types, 

256, 267*-9. 

— , relative importance of fungi and 
bacteria in decomposition of, 269, 
— , swelling of, by reagents, 8, 194, 

257, 260* 262*-4, 270. 

— , technique of swelling of, 262-4*. 

‘ Country damage ’ of cotton, 260. 
Cucurbitaria cinnabarina, see Neclria 
cinnabarina. 

Cuprammonium, see Schweizer’s re- 
agent. 

Curing of tobacco leaf, 234. 

Cuticle of cotton hairs, see also Cotton. 

and attack by micro-organisms, 

194, 266, 262*-4*, 266, 268. 
Cutocellulose, see Suberin. 

Cytase, see Cellulase. 

Cytopectic acid, 11-12, 

D. 

Bactylium roseum, see Tricholhecium 
roseutn, 

Baedalea abieiina, see Lenzites abietina. 

— confragosa, 120. 

— mollis, see Trametes mollis. 

— quercina, 120. 

- — sepiaria, see Lenzites sepiaria. 

— trabea, see Lenzites trabea. 

Date palm, see Phoenix dactylifera. 
Decay, see Eungi, Kot, Wood, &c. 
Delignification of wood by fungi, see 

Rots, white. 

BemaUaceae destroying cellulose, 147- 
64. 
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BemaUaceae destroying hemicelluloses 
and pectin, 93. 

Bematiim brassicae, see Cladosporium 
herbarum. 

— conicum, see Gladosporium herbarum. 

— herbarum, see Cladosporium herbarum. 

— pullulans, occurrence of, on paper, 
289-90. 

, relationship of, to Gladosporium 

herbarum, 93. 

— spp., mildewing of cotton by, 255. 

, resemblance of spores of Alter- 

naria polymorpha to those of, 154. 

Denitrification and cellulose decom- 
position, 52-3, 196, 198-9, 211-12. 

Denitrifying bacteria, see Bacteria, 

Beschampsia Jlexuosa, use of, as sub- 
stratum in dew-retting, 180. 

Dew-retting, see Retting. 

Dextrins in plant tissues, destruc- 
tion of, by fungi, 77. 

Dextrose agar, 48. 

Diastase, production of, by Bact. 

• gelaiicum, 39, 

— , taka-, production of, by Aspergillus 
onjzae, 85. 

Bicoccum aspenm, 150. 

Biscomycetes, early name of actino- 
mycetes, 66. 

Biscomycetiineae decomposing cellulose 
and lignin, 113-15. 

hemicelluloses and pectin, 89- 

91. 

‘ Dismal Swamp ’, 242-3. 

Douglas Eir, chemical changes, result- 
ing from fungal decay, 284. 

Dry rot, see Meriilius lacrymans. 

Dung, see also Manui’e. 

— , isolation of cellulose-decomposing 
bacterium from, 203. 

— , metabolism of pentosansin rotting, 

200 . 

— , presence of myxobacteria in, 62. 

— and straw mixtures, nitrogen fixa- 
tion in, 201-2. 

E. 

Eau de Javel, use of, in sterilization 
for retting experiments, 178. 

Echinodoniium tinctorum, 301. 

Eidamella spinosa, 96, 289, 291. 

Eidamia acremonioides, 86-7. 

— cateHulata, 87. 

— viridescens, 87. 

Elm, fungal attack of, 118. 

Elodea, cellulose-decomposing bacteria 
isolated from leaves of, 52. 

Elvella undecima, see Bulgaria poly- 
morpha. 
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Ensilage, see also Silage. 

— , microbiology of, 222-31. 
Enzymatic zones, production of, on 
cellulose agar, 48-9. 

Enzyme, see also Cellulase, Pecto- 
sinase, &c. 

— , hemicellulose-resolving, produc- 
tion of, by micro-organisms, 22. 

— , lignin and lignocellulose-resolv- 
ing, 22, 275, 278. 

— , pectin-resolving, first observations 
on, 21-2. 

Enzymes, plant, participation of, in 
fermentation of plant tissues, 226- 
7, 233-6. 

— , tryptic, production of, by Bac. 
amyhbacter, 37. 

Epicoccum purpurascens, 166-6. 

— spp., 156. 

— vulgare, see Epicoccum purpurascens. 
Epidermis of plants, entry of bacteria 

through, 33. 

Epilobiim angusii/olium, use of, as sub- 
stratum in dew-retting, 181. 
Epochnhm niacrosporoideitm, see Stem- 
pliylium macrosporoidcum. 

Ethane, production of, in decomposi- 
tion of cellulose, 191. 

Ethyl alcoliol, production of, by Bac. 
acetoethylicus, 212, 229. 

, — , by Bac. amyhbacter, 37, 168, 

169. 

, — , by Bac. celMosae cUssolvens, 

59, 191, 819. 

, — , by Bac. fosskulanm, 319. 

, — , by Bac. violaceus acetonicns, 

34. 

j — ^ by fungi, 318-19. 

, — , by thermophilic cellulose 

decomposers, 61-2, 191, 319-20. 

, — , from cellulose, 69, 61-2, 

191, 317-21. 

■ , — , from corn cobs, 320. 

. , — , from endosperm of Phytele- 

phas macroscarpa, 318. 

, — , from heinicellnloses, 188, 

212, 817-21. I 

, — , from monoses, 188, 212. 

— — , — , from lignocellulose, 318, 
321. 

— — j j from pectin, 163, 169, 177. 

, — , in ensilage, 224, 226-9, 281. 

, — , in fermentation of cacao, 

236-7. 

, — , in retting, 169, 177. 

— - , — , in soil, 208, 212. 

Eubacteriales, classification of, 29-30. 
Eubasidiineae destroying cellulose and 

lignin, 116-42. 

Eumycetes, see Pungi. 


Eurotium aspergillus flams, see Asper- 
gillus flams. 

— — glaucus, see Aspergilhis glaucus. 

meclius, see Aspergillus glaucus. 

niger, see Aspttrgillus niger. 

— onjsae, see Aspergillus orysae. 


P. 

Pabrics, cellulose, see also Cotton, 
Canvas, Plax, Pibres, &c. 

— , — , action of micro-organisms on, 
260 et seq. , 260*. 

— , — , decay of, in sea-water, 269. 

— — , preservation of, from micro- 
biological decay, 267-8, 270-2. 

— , — , I'elative importance of bacteria 
and fungi in decay of, 269. 

— , — , sizing of, 258. 

Pascal matter, isolation of Bac. celhi- 
losae dissolvons from, 203. 

, occurrence of actinomycetos in, 

202. 

of the bat, 216. 

Pats, decomposition of, in fermenta- 
tion of tobacco, 234. 

‘Pelting’ of baled cotton, &c., 269. 

‘Fermentation iourheuse ’ of plant debris, 
246. 

Perns, presence of Actinomyces chro- 
mogenes in rhizomes of, 70. 

Fibre bundles, decomposition of pec- 
tin of, by micro-organisms, 170, 261. 

— plants, sterilization of, for retting 
experiments, 178. 

Pibres, see also Cotton, Cotton goods. 
Fabrics, Plax, &c. 

— , action of micro-organisms on, 40*, 
52*, 79, 81, 86, 93-4, 97-100, 102, 
no, 113, 148, 160, 162, 166, 181-2, 
260 et seq., 260*, 262*. 

— , bast, of fiax, cellulose content of, 

6, 173-4. 

— , behaviour of, towards swJalling 
reagents, 8, 194, 267, 260*, 262*-4, , 
270. 

— , changes in, through attack by 
micro-organisms, 267, 260, 262-8, 
266. 

— , destruction of, in rotting, by cel- 
lulose-decomposing bactei’ia, 179. 

— , flax, comparative rates of decay of 
dew- and tank-retted, 269-70. 

— , — , differentiation of types of 
damage of, 263. 

— , mode of attack of micro-organisms 
on, 265. 

— , prevention of action of micro- 
organisms on, 267-8, 270-2. 
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Fibres, quantitative determination 
of microbiologiccal decay of, 263 et 
seg., 264*, 267*. 

— , relative importance of fungi and 
bacteria in decay of, 259. 

‘ tendering ’ of, by non-micro- 
biological agencies, 263. 

— , yield of, in retting processes, 180. 
Fir, Douglas, chemical changes in, 
resulting from fungal decay, 284. 
Flax, aerobic retting of, 178-83. 

— , ‘anaerobic retting of, 163-78. 

— , cellulose content of, after retting, 
173-4. 

— , dew-retted, micro-organisms oc- 
curring on, 79, 81, 86, 93, 100, 102, 
160, 181-2. 

— , drying of, after retting, 172. 

— fibres, application of swelling test 
to, 266, 269-70. 

, comparative rates of decay of 

dew- and tank-retted, 269-70. 

— — , destruction of, by micro- 
organisms, 22, 264-5, 261, 263, 265, 
269-70. 

) — ) in retting, by cellulose 

decomposers, 179. 

— — , diJlei'entiation of types of 
damage of, 263. 

, effect of swelling reagents on, 

263. 

, fungi occurring on, 79, 81, 86, 

93, 100, 102, 150, 181-2, 264-5. 

, moisture content of, 261. 

, yield ol', by various retting 

processes, 180. 

— , retting of, 161-83. 

— stem, decomposition of cellulose 
and pectin of, by Omelianaki bac- 
teria, 22. 

, — middle lamellae of, by Bac. 

meseniericus, 33. 

— ■ — , morphology of, 165*. 

Floccaria glauca, see PenicilUum expan- 
sum. 

FZon'deae, employment of, in isolation 
of Bact. gelaticum, 

• — , presence of cellulose in, 4. 

Fames annosus, 121, 301. . 

— applanatus, 121-2, 301, 308. 

— connaius, 301. 

■ — everhartii, SOI. 

— fomentarius, boreholes in coll Avails 
of wood produced by, 299*. 

— • — , destruction of wood bj’^, 122, 
299*, 301, 308. 

, diagnostic characters of, in 

wood, 801. 

-, , on potato-dextrose agar, 

308. 
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Fames fomentarius, morphology of, 122. 
— fraxinopMlus, 301. 

— fulvus, 301. 

— ignarius area of attack of, in wood, 
300. 

, decomposition of cellulose and 

lignin of wood by, 285. 

diagnostic characters of, in 

Avood, 301. 

, , on potato-dextrose agar, 

308, 


, optimum conditions of groAvtli 

for cultures of, 305. 

, production of Avhite rot by, 

276, 294, 301. 

rate of development of decay 

by, in AVOod, 294, 

: — lands, 123, 294, 301. 

— officinalis, 139. 

— pinicola, diagnostic characters of, 
in wood, 301. 

, , on potato-dextrose agar, 

308. 


, morphology of, 123-4. 

, production of brown (or ‘ red ’) 

rot by, 123, 301. 

■ , — sugar from Avood by, 321. 

— roseus, destruction of wood by, 124, 
294, 296, 301, 808. 

, diagnostic characters of, in 

Avood, 301. 

, , on potato-dextrose agar, 

308. 


— — , identity of, Avith Trametes 
carnea, 138. 

, morphology of, 124. 

, rate of development of decay 

of, in Avood, 301. 

Formaldehyde, manufacture of, from 
methane, 317. ■ 

Formic acid, production of, in anaero- 
bic retting, 177. 

— • — , — , in fermentation of cellulose, 
60. 


— , — , in spontaneous heating 

of liay, 232. 

Fraxinus americana, occurrence of 
Torula ligniperda on wood of, 148. 

Fruit, attack of, in storage, by Botrytis 
vulgaris, 90. 

— , destruction of pectin in rotting 
of, 163, 186. 

Fungi, action of, on middle lamellae 
of cell walls and plant tissues, 22, 
81, 85, 89-90, 274*-5, 297-8*-9*- 
303. 


— , activity and occurrence of, in 
manure and compost heaps, 196, 
202, 204. 

— , , in silage, 226, 230. 
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Fungi, activity of, in. Immus and 
mould formation, 208-10. 

— , — , in spontaneous heating of hay, 
233. 

— , area of attack of, in infected 
wood, 300. 

— , causing heart rots of Abies bal- 
saniea, 307-8. 

— , chemical changes catised by, in 
wood, 283-8. 

— , conditions of gi’owth of, 251-2, 
279, 292. 

— , decomposition of cellulose by, 
20-1, 27-8, 76-7, 95-156, 189, 204, 
207-9, 233, 244, 246-7, 250-60*-!, 
274*-8*-308, 321. 

— , — gums by, 28, 76-7, 276. 

— , — hemicelluloses by, 27, 76-94, 
187-8, 193, 202, 204, 207, 233, 262, 
274-6, 318-19. 

— , — humus by, 212. 

— , — leaves by, 208-9. 

— , — , lignin by, 22, 76-7, 97-149, 
192-3, 210, 274 et seq. 

— , — pectin by, 22, 27, 76-94, 181-2, 
185, 202, 233, 252, 274-5. 

— , — straw, by, in manure and com- 
post heaps, 204. 

— , — wood by, 76-8, 88-9, 111-12, 
114-42, 148-9, 193, 246-7, 274*-6*- 
8*-98*-9*-308. 

— , destruction of fibres and fabi’ics 
by, 250 et seq. 

— paper by, 95-7, 99, 109-11, 145- 
8, 160-5, 252, 289-92. 

— , discoloration of pulp made from 
wood attacked by, 287-8. 

— , — wood by, 276, 283, 296-7. 

— , enzyme production of, and de- 
velopment of, in wood, 278. 

— , exudation of liquid by, 127, 133, 
281, 321. 

— , factors influencing rate of decay 
of wood by, 292-3. 

— , fixation of atmospheric nitrogen 
by, 252. 

— , food requirements of, 262, 278. 

— , growth of, in aerobic retting 
liquors, 179. 

— , influence of light on growth of, 
281, 305, 307, 

— , lower, destruction of wood and 
pulp by, 274, 288. 

— , presence of, in coal, 4. 

— , — cellulose in, 244. 

— , prevention of action of, on fibres 
and fabrics, 257-8, 270-2. 

— , , on wood, 279-80. 

— , production of sugars by, from 
wood, 138, 321. 


Fungi, rate of decay of wood by, in- 
creased by presence of bacteria, 
276, 293. 

— , relative importance of, to bac- 
teria, in decomposition of vegetable 
matter, 76, 207-8. 

— , requirements for growth of, 251-2, 
256, 278-9, 292-3. 

— , retting by, 79, 81, 86, 93, 180-2, 
270. 

— , role of, in peat and coal formation, 
244-7, 292. 

— , sap stain, action of, on wood, 276, 
283-4, 288. 

— , secretion of lignocellulose-resolv- 
ing enzymes by, 276. 

— , wood-destroying, cultural study 
of, 304-8. 

— , , diagnostic chai'acters of, 

in wood, 296-303. 

— , , identification of, 806. 

— , , isolation of, in pure culture, 

305. 

— , , production of zone linos in 

wood by, 276*-7, 294, 297, 301-3. 

Fungi impcrfecti decomposing cellulose, 
142-66. 

hemicelluloses and pectin, 

91-4. 

Fusain, formation of, 241. 

Fusaritm lolii, 166. 

— ruUginosum, 166. 

— decomposition of cellulose by, 
166, 266. 

— — , — dead plant tissues by, 
165. 

, — homicollulo.ses and pectin 

by, 94. 

, destruction of paper by, 166, 

290-1. 

, mildewing of cotton fibi'es and 

fabrics by, 94, 166, 266. 

— sulmlaium, 166. 

a. 

Galactans, enzymatic hydrolysis of, 
by micro-organisms, 22, 41. 

— , occuri’ence ofj in nature, 10. 

Galactose, conversion of hemicellu- 
loses to, 10, 187. 

— , production of, from pectin, by 
enzymatic hydrolysis, 22. 

— , — , in hydrolysis of gums, 13. 

Ganoderma curiisii, 801. 

— tsugae, 294, 301. 

Gelase, production of, by Bad, gelati- 
cum, 89. 

Gelatinization of cellulose by various 
reagents, 6-7. 
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Gelose, action of micro-organisms on, 
22, 39-41, 76. 

Glucose, effect of, on growth of cel- 
lulose decomposers, 190. 

— , formation of, in microbiological 
decomposition of cellulose, 21, 189- 
90, 217, 289. 

— , — acetaldehyde in fermentation 
of, 192. 

— , oxidation of, by Bac. amyldbacte)', 
190-1. 

— , — , for energy for cellulose fer- 
menters, 191. 

Glucosides, decomposition of, in fer- 
mentation of tobacco, 234. 

— , removal of, in physical stage of 
rotting, 164. 

QompJms pesizoides, see Paxillus pami- 
oides. 

Gofisyphm spp., presence of cellulose 
in seed hairs of, 6. 

Gracilaria lichnuides, source of agar- 
agar, 5. 

Granulohacter, see also Bac, amylobacter. 

— peciinovonm, influence of oxygen 
supply on development of, 178. 

, relationship of, to Bac. amylo- 

bactar, 37. 

, presence of, in silage, 229. 

Guinea-pig, decomposition of xylan 
in intestine of, 42. 

— , importance of miero-oi-ganisms in 
digestion of, 216. 

Gum, see also Gums. 

— arabio, addition of, to cellulose 
fermentation, 32. 

— , utilization of, for isolation of 
cellulose decomposers, 56. 

— , wood, see Xylan. 

Gum-resins, see Resins. 

Gums, action of mineral acids on, 20. 
— , decomposition of, by actinomy- 
cetes, 69, 74. 

— , — , by bacteria, 19, 31-2, 161. 

— , — , by fungi, 27, 76-7, 276. 

— , — , in ensilage, 227. 

— , — , in tobacco fermentation, 234. 

— , — , in wood decay, 276. 

— , exudation of, 6. 

— , microbiological decomposition of, 
161, 196. 

— , production of methane from, 19, 32. 
— , products of hydrolysis of, 13. 
Gymnoascaceae attacking cellulose, 
96—6. 

H. 

Hadromal, 8, 126. 

Hay, spontaneous combustion of, 
196-7, 199, 231-4, 271. 


Hay, spontaneous heating of, or- 
ganisms active during, 232-3, 236. 
‘ Heart damage ’ of jute, 267, 269-60. 
Heating, spontaneous, see also Hay. 
— , — , in cacao fermentation, 236. 

— , — , in ensilage, 222-8, 227, 229- 
30. 

— , — , in hemicellulose decomposi- 
tion, 199. 

— , — , in manui-e heap, 198-9. 

— , — , in tobacco fermentation, 234. 
I-IeloUaceae decomposing cellulose, 113. 

hemicelluloses and pectin, 89- 

91. 

Helvella acaulis, see RMzina inflata. 
Hemicellulases, presence of, in fungi, 
120, 134. 

Hemicelluloses, constitution of, 10. 

— , decomposition of, by actino- 
mycetes, 69, 74-5, 188, 202, 204, 
207. 

— , — , by bacteria, 38-42, 188, 199- 
201, 212, 218, 230, 314, 317-18, 321. 
— j — ) by fungi, 27, 76-94, 187-8, 
193, 202, 204, 207, 283, 252, 274-5, 
818-19. 

— , — , in cacao and coffee fermenta- 
tion, 236. 

— , — , in ensilage, 201, 222, 224, 
227-81. 

— , — , in intestine, 42, 187-8, 214-18. 

- , — , in manure and compost heap, 
42, 192, 195-202, 204. 

— , — , in nature, 16, 187-8, 192, 
194-6. 

— , — , in peat bog, 248. 

— , — , in soil, 187, 207-9, 212-13. 

— , — , in spontaneous heating of 
hay, &c., 233. 

— , — , under water, 213-14. 

— , enzymatic hydrolysis of, by micro- 
organisms, 22. 

— , formation of alcohols from, 188, 
212, 317-19, 321. 

— , — combustible gases from, 200, 
313-14. 

— , — humus from, 212-13. 

— , — organic acids from, 41, 200-1, 
212, 314, 321. 

— of wood, decomposition of, by 
fungi, 127, 193, 274-5. 

— . role of, in flxation and liberation 
of nitrogen in soil, 212. 

— , stages in microbiological break- 
down of, 187-8. 

Hemp, destruction of, by micro- 
organisms, 98, 259. 

— , dew-i-etting of, 79, 81, 93, 100, 
181-2. 

— , habitat of Bac. felsineus, 174. 
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Hemp, presence of specific fungi on 
•79, 81, 93, 98, 100, 181-2, 254-5. 

— , production of acid during retting 
of, 178-9. 

— , retting of, 33, 79, 93, 100, 161, 
163 et seq., 177, 179. 

— ) — ) fiy comesii, 33, 179. 

— , — , by Rossi process, 179. 

Hexoses, accumulation of, in decay- 
ing wood, 286. 

— , breakdown of, in ensilage, 229. 

— , conversion of hemicelluloses to, 
187. 

— , microbiological decomposition of, 
37, 187-8. 

— , occuiTence of, in soil, 188. 

— , role of, in liberation and fixation 
of nitrogen, 188. 

Hihiscus leaves, use of, in preparation 
of bean pulp, 85. 

‘ Honeycomb heart rot ’, 119. 
Ilormodendron cladosporoides, see Clado- 
sporium herhanm. 

Humic acid, see also Humus. 

— , nature of, 205. 

Humus, action of micro-organisms 
on, 212. 

— , activity of micro-organisms in 
formation of, 70, 207-10. 

— , carbohydrate, comparison of, with 
other types, 205-6, 249. 

— , formation of, 16, 70, 195, 198-9, 
206-10. 

— , — , in manure, 198-9, 206. 

— , — , in relation to peat and coal 
formation, 245. 

— in peat, 249. 

— , occui-rence of specific fungi in, 
80, 142-3, 145-6, 151, 154. 

— , origin and nature of, 206-7. 

— , presence of, in silage, 224-6, 248. 
— , relative importance of cellulose 
and lignin in formation of, 189, 

• 209. 

— , role of hemicelluloses in forma- 
tion of, 212-13. 

— •, — suberin in formation of, 194. 
llydmm sepientrionale, 301. 

Hydrangea panieidata, bacterial action 
on mucilage of, 41. 

Hydrocyanic acid, production of, by 
Femes annosns, in wood decay, 121. 
Hydrogen, absence of, in ensilage, 
230. 

— , — , in spontaneous heating of hay, 
232. 

— , production of, by Bac. amylodacter, 
37, 163. 

— , — , by Bac. celluhsae dissolvens, 69, 
191. ' 


Hydrogen, production of, by Bao. 

fossicularum, 54, 66-8, 191-2. 

— , — , by Plectridium pectinovonmi, 162. 
— , — , by thermophilic bacteria, 60-1. 
— , — , in decay of vegetable debris, 
19, 313. 

— — , in fermentation of cellulose, 
19-20, 64, 56-61, 191-2, 204, 813, 
319. 

— , — , in fermentation of pectin, 87, 
162-3, 168-9, 177. 

— , — , in intestine, 19-20, 216. 

— , — , in retting, 162, 168-9, 177. 
Hydrolysis, enzymatic, 21-3. 
Hynienochaeta ruhiginosa, 294, 801. 
Hymenomycoies destroying wood, 116- 
42. 

Hymenoscijpha scleroiiorum, see Sdero- 
iinia sclereUorum, 

Hypericum perforatum, use of, as sub- 
stratum in dew-retting, 181. 
Hyphoderma puhera, see Feniophera 
piihera. 

HyphomycMes decomposing cellulose, 
143-56. 

hemicelluloses and pectin, 91-4. 

— , decomposition of inonosesby, 188. 
Hypochnus confluens, see Coniophora 
cerehella. 

Hypocreaceae decomposing hemicellu- 
loses and pectin, 88. 

Hypoxylon coccinnum, 111-12. 

— milgare, see Xylaria fiypoxylon. 

I. 

Ilium, decomposition of cellulose in, 
217. 

Impatiens halsamina, fungtil decomposi- 
tion of hemicellulose of, 78-9, 81-2, 
90. 

Intestine, decomposition of cellulose 
in, 19-20, 96, 214-18. 

— , — hemicelluloses in, 42, 187-8, 
214-18. 

— , — plant tissues in, 68, 214-18. 

— of fowl, pectin-decomposing bac- 
terium from, 86. 

— fruit-eating bat, mioroflora of, 216. 

— of guinea-pig, activity of micro- 
flora of, 42, 216. 

— of man, decomposition of plant 
tissue in, 68. 

— of snail, bacteria in, 81. 

— presence of Aspergillus cellulosae in, 
96. 

— , — Bac. amylohaoter in, 201. 

— , — Bact. cell commune in, 166. 

Inulin, decomposition of, by fungi, 
262, 271-2. 
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Iodine, reaction of, with cellulose 
decomposers, 218. 

Iodoform, use of, to arrest growth of 
cellulose decomposers, 189-90. 
Ipomoea batatas, destruction of middle 
lamellae of cSlls of, 81. 

Iron, catalytic action, in tobacco fer- 
mentation, 235. 

Isaria stemoniies, see Stysanus stemonites. 

* J. 

J ute, action of swelling reagents on, 
263, 265. 

— , heart damage of, 267, 269-60. 

— , loss through exposure of, to damp, 
261. 

— , retting of, 183. 

L. 

Lactic acid, effect of, on development 
of .Bac. amyhbactcr, 167-8. 

— , formation of, in cacao fermenta- 
tion, 236. 

— , — , in decomposition of hemicel- 
luloses, 200, 321. 

— , — , — of hexoses, 188. 

—, ~ , — of pectin, 161, 177, 184. 

— , — , in ensilage, 201, 228-9, 231. 

— , — , in manure heap, 200. 

— , — , in retting, 161, 166-8, 177. 

— , — , in spontaneous heating of hay, 
282, 

Lactobacillus pentoaceticus, see Bacterium 
laciipentoaceticim. 

Laminaria digitata, growth of Glado- 
sporium lierbarum on, 93. 

Larchwood, attack of, by Stereum 
purpureim, 119. 

— , white rot of, by Tranietes pini, 276*. 
Leaves, conversion of, into mould, 
208-9. 

Leniinus lepideus, destruction of wood 
by, 140-1, 283. 

— — , diagnostic characters of, in 
wood, 301. 

, morphology of, 141, 

, production of brown cubical 

rot by, 141, 294, 301. 

, — turpentine odour by, 141. 

, rate of development of wood 

decay bj', 294. 

— squamosus, see Leniinus lepideus. 
Lenzites abietina, 126, 283. 

beiulina, 301. 

— sepiaria, destruction of wood by, 
126, 283, 296. 

, diagnostic characters of, in 

wood, 302. 


[ Lenzites sepiaria, germination of spores 
of, and moisture content of wood, 
279. 

, morphology of, 125-6. 

— — , production of brown cubical 
rot by, 125, 276, 302. 

, rate of development of wood 

decay by, 294. 

— irabea, 126, 

Libocedrus decurrens, brown pocket rot 
in, 278*. 

Light, tendering of fibres and fabrics 
by, 263. 

Lignification, see also Lignified tissues. 
Lignin, and Lignocellulose. 

— , effect of, on rate of decay of wood 
tissues, 292. 

Lignified pectin, presence of, in flax, 

— tissues, see also Lignin, Lignocel- 
lulose, and Wood. 

, nutritive value of, 217. 

, Wislicenus’s theory of forma- 
tion of, 9. 

Lignin, see also Lignifled tissues, 
Lignocellulose, and Wood. 

— , comparison of humus from, with 
peat and carbohydrate humus, 249. 

— , decomposition of, by fungi, 22, 
76-7, 97-8, 101, 111-42, 148-9, 

192- 8, 210, 274 et seq. 

— , — , in manure heap, 202-3, 206. 

— , effect of, on cellulose decompo- 
sition by Microspira agar-liquefaciens, 
61, 194. 

— , fermentation of, by bacteria, 

193- 4. 


— , in peat, coal, and lignite forma- 
tion, 206, 246. 

— , in silage, 224, 228, 248. 

— , microbiological decomposition of, 
in nature, 192-3. 

— of wood, microbiological decay of, 
274 et seq,, 276*, 297. 

, quantitative changes in, dur- 
ing wood decay, 193, 284-6. 
Lignite, microbiological aspect of 
formation of, 239 et seq. 

— , nature of humic substances derived 
from, 206. 


Lignocellulose, see also Lignified tis- 
sues, Lignin, and Wood. 

— , conversion of, into humic sub- 
stances, 16. 

— , decomposition of, by fungi, 22, 
97-8, 101, 111-42, 149, 262, 274 et seq. 
— , — , in manure heap, 1§, 204-6. 

— , — , in nature, 194-5. 

— , — , in soil, in presence of nitrogen, 

211 . 


Lignoeellulose, decomposition of, in- 
dustrially, to form combustible 
gases, 316. 

— , — , — 3 — ethyl alcohol, 318, 321. 

— , nutritive value of, 217. 

— , role of, in peat and coal forma- 
tion, 240-5. 

Linen, see also Flax fibres. 

— , microbiological decay of, 255, 
259. 

Linum usitatissinimi, see also Flax. 

, cellulose content of bast fibres 

of, 6. 

Lipochrome pigment.s, resemblance 
to, of pigment produced by S^nro- 
chaeta cytophaga, 189. 

Liquidamba styracijlua, occurrence of 
Polyporus adustus on, 128. 

Ziriodendron tulipifera, occurrence of 
Torula Ugniperda on, 148. 

‘ Loose core ’ test in retting, 170. 

Lucerne, ensilage of, 224. 

Lumbricides and mould formation, 
208. 

Lumiirosity of fungi, 89, 140, 276. 

Lupinus, seed of, action of Clostridium 
polymyxa on preparation of, 36. 

— spp.j fungal decomposition of hemi- 
cellulose of, 78-9, 81-2, 88-90, 93. 

Lycoperdon truncatum, see Bulgaria poly- 
morpha. 

— variolosmn, see Hypoxylon coccimuni. 

M. 

Macrosporiimspp., mildewing of cotton 
and linen goods by, 255. 

— terniculosum, see Stemphylium vemi- 
culosum. 

Maize, ensilage of, 228, 230-1. 

Malt, isolation of pectinase from, 21. 

Manila hemp, see Hemp. 

Mannans, decomposition of, by micro- 
organisms, 22, 41. 

Manure, activity of actinomycetes in, 
70. 

— , artificial farmyard, nitrogen in, 
202. 

— , , preparation of, 196-7. 

— , effect of, on decomposition of cel- 
lulose and lignoeellulose in soil, 
211 . 

— , green, destruction of, in soil, 
195. 

— heap, decomposition of cellulose 
in, 17-18, 56, 192, 195-9, 202-7. 

, — hemicelluloses in, 42, 192, 

195-202, 204. 

, — products of, under anaerobic 

conditions, 200. 


Manure heap, denitrification in, 198. 
, early study of, 17-18. 

— — , evolution of hydrogen from, 
204. 

, — methane from, 17, 56, 200, 

204. 

, formation of humic substances 

in, 205. 

— — , microbiological activity in, 
17-18, 195-207. 

, nitrogen fixation in, 201-2. 

— — , temperature of, during 'fer- 
mentation, 17-18, 197-201, 203-4. 

— , presence of fungi in, 202. 

— , rotting, metabolism of pentosans 
in, 200. 

Maple, attack of, hy Pomes fomentarins, 
122. 

Marsh gas, see Methane. 

Medullary ray cells, fungal attack of, 
119, 276, 280, 283. 

Melanoids, nature of, 206. 

Melezitose, production of, by fungi, 
133, 321. 

Melidium suUerranoim, see Thamnidium 
elegans. 

Morulius crispus, see Paxilliis panuokles. 

— destruens, see Merulius lacrymans. 

— incrassata, see Poria incrassaia. 

— lacrymans, action of, on cellulose 
dextrins, 21, 189. 

^ appearance of wood destroyed 

by, 278*, 281. 

j decomposition of wood con- 
stituents by, 127, 280. 

— — , diagnostic charnctei's of, in 
wood, 302. 

, differentiation of, from Poly- 
porus vapararius, 282. 

exudation of liquid by, 127, 

281. 

, formation of oxalic acid by, 

127, 280. 

', action of bacteria and fungi on 

growth of, 116, 127. 

•, losses caused by, 280. 

, mode of attack and growth of, 

127-8, 280-2. 

, optimum conditions for growth 

of, 127. 

, presence of cellulase in, 21. 

, production of brown cubical 

rot by, 127, 278*, 302. 

, resemblance of rot of, to that 

of other fungi, 134, 137, 

, rhizombiphs of, 128, 282*. 

— lamellosus, see Paxillus panuoides. 

— ■ quercinus, see Paedalea quercina. 

— SBpiarius, see Lensites sepiaria. 

— squamoBUs, see Lenzites sepiaria, 
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Merulius sykestris, 127. 

Methane, absence of, in spontaneous 
heating of hay, 23^ 

— , natural formation of, 19, 56, 200. 

213, 313. > ^ , 

— , production of, from cellulose, by 
Bac. meihanigenes, 64-8, 316. 

— ) — ) — j liy thermophilic bacteria, 
60-1. 

— , — , from gums, 19, 32. 

— , in decomposition of cellulose, 
17, 19-20, 54-8, 60-1, 191-2, 204, 
213, 313-16. ’ ’ 

— , — , — ofhemicelluloses, 200,313- 
14. . 

— , — , — of vegetable debris, 19, 56, 
213, 313-14, 316. 

— , • — , in fei-mentation of organic 
salts, 213-14, 316. 

— , — , in intestine, 20, 216. 

— , — , in manure heap, 17, 56, 200, 
204. 


Methyl alcohol, production of, in 
ensilage, 231. 

Methyl pentosans of wood, changes 
in, during decay, 285-6. 

Micrococcus cytophagus, 62. 

— mdanocyolus, 62. 

— roseus, 181. 

Micro-organisms, see Bacteria, Fungi, 

■ &c. 


Microspira agar-liqiiefacions, decomposi- 
tion of cellulose and hemicelluloses 
by, 28, 41, 51. 

, description of, 51. 

, effect of lignin on growth of, 

51, 194. 

Mildew, see Fungi, Fibres, &c. 

Mines, fungal decay of timber in, 134, 
136, 139-40, 277-8, 280, 292. 
Moisture content of wood and ger- 
mination of fungus spores, 279. 
Molinia caerulea, fungal decomposition 
of hemicellulose of, 78-81, 88, 90; 
93. ’ 


Monilia glauca) see Aspergillus glaucus. 
— sitophila, 9 1-2, 143. 

Monoses, microbiological decomposi- 
tion of, 187-8. 

‘ Mother of coal ’, 241. 

Mould, earth, formation of, 208-9. 
Mucedinaceae decomposing cellulose, 
143-7. 


— — hemicelluloses and pectin, 91-2. 
Mucilage, formation of, in decompo- 
sition of cellulose, 44, 46, 204. 
Mucor aspergilloides, see Mucor spinostis. 

— aspergillus, see Aspergillus glauctis. ■ 

— corymliiferj in spontaneously heated 
hay, 283. 


Mucor elegans, see Thamnidium elegans. 

— glaucus, see Aspergillus glaucus, 

— globosus, 78. 

— hiemalis, 79, 181-2. 

— mucedo, de Bary et Woronin, see 
Thamnidium elegans. 

, Linnaeus, on dew-retted flax, 

181. ' 

— neglectus, 79. 

— piriformis, 79. 

— plumbeus, see Mucor spmosus. 

— pusillus-, in spontaneously heated 
• hay, 233. 

— racemosus, 79-80. 

— Eouxianus, 80, 318. 

— Eouxii, see Mucor Eouxianus. 

— spinosus, 81, 181-2. 

— spp., mildewing of cotton and 
linen goods by, 254. 

, role of, in breakdown of plant 

tissues, 77. 

— stolonifer, decomposition of hemi- 
celluloses and pectin by, 81, 319. 

, dew-retting by, 81, 181-2. . • 

, morphology of, 81-2, 

Mucorineae decomposing hemicelln- 
loses and pectin,. 78-82. 

Mud, isolation of cellulose decom- 
posers from, 68-4, 213-14. 

Myceiozoa, 27. 

Mycoderma forms, presence of, in 
silage, 226. 

Myoogone puccinioides, see Blasioirichum 
puccinioicles. 

Mycomyceies decomposing cellulose, 
95-142. 

hemicelluloses and pectin, 83- 

91. 

Mycose, production of, by wood- 
destroying fungi, 321. 

Mycosphaerella Tulasnei, see Cladosporium 
herbarum, 

Myriapodes, mould formation by, 
208. 

Myrrh, gum-resin from Commiphora 
spp., 5. 

Myxobacteriales, 29, 62. 

Myxomyceles, 27. 

Myxoirichum charldrum, 95, 289-91. ^ 

N. 

Nardua siricia, use of, as substratum 
in dew-retting, 180, 

Neciria cinnabarina, 88. 

— spp., 88. 

Nematodes, mould formation by, 208. 
Nets, fishing, rotting of, 261. 

* — — , treatment of, to prevent 
rotting, 271. 
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Nettle, retting of, 183. 

Nitrates, production of, by cellulose 
decomposei's, 50. 

— in retting liquors, utilization of, as 
manure, 176. 

Nitrogen, accumulation of, in soil, 
16. 

— and cellulose decomposition in 
soil, 211. 

— , effect of excess of, on manure for- 
mation from straw, 197. 

— , fixation of, 16, 30, 34, 37, 43, 
188, 190-1, 201-2, 211-12, 252. _ 

— , — , by Bac. amylobacter and allied 
forms, 37, 201. 

— , — , by Bac. asterosporus, 34. 

— , — , by fungi, 252. 

— , — , in manure heap, 201-2. 

— , liberation of, by bacteria, 18, 29, 
63, 168, 188, 212. 

— , — , in manure heap, 18. 

— , — , in retting, 168. 

— , loss of, in ensilage, 228. 

— , — , in spontaneous heating of hay, 
232. 

— compounds, conversion of, to am- 
monia, by Bac. meseniericus ruber, 
199. 


, — , — , by Bact. Jluorescens, 

199. 

, — , — , in manure heap, 201-2, 

204. 

, liberation of, in retting, 164, 

177. 

Nitrogen content of manure and com- 
post heaps, 197-9, 203. 

of silage, 224. 

Nitrogen - fixing bacteria, see also 
Nitrogen, fixation of. 

j carbohydrate supply of, 188. 

, symbiosis of, with cellulose 

decomposers, 43. 

-, utilization of collobiose by, 

43. 

Nitrogen requirements of fungi, 262. 

Nocardia, early name for actino- 
mycetes, 66. 

Nocardiaceae, early name for actino- 
mycetes, 65. 


0 . 

Oak wood, destruction of, by specific 
fungi, 87, 114, 117-20, 138. 

Ochmann process of retting, 176. 

Octospora elastica, see Bulgaria poly- 
morpha. 

— rhizophora, see Bhizina inflata, 

Qidium cjiarfarum, see Torula char’- 
iarum. 


Oidium laclis, in retting liquors, 166-7. 
, in silage, 226. 

— spp., on dew-i’etted fibres, 182, 
255. 

Oil, mineral, origin of, 239. 
Olibanum, gum- resin from Boswellia 
spp., 5. 

Olive tree, presence of Bac. oleae in 
tubercules of, 34. 

Ontjom cakes, preparation of, 91. 
Over-retting, 170j 172-3, 176, 17^. 
Oxalic acid, formation of, from wood, 
by fungi, 116, 127, 280, 293. 
Oxydases, activity of, in spontaneous 
heating of hay, &c., 231. 

Oxygen, effect of supply of, in, anaero- 
bic retting, 173. 

— , importance of, in rotting of straw, 
197. 

P. • 

Paper, specific fungi occurring on, 
and discoloui’ing, 95-7, 99, 109-11, 
146-8, 150-5, 262, 289-92. 

— , study of microflora of, 289-92. 

— made from infected wood and 
pulp, inferiority of, 286-7, 289. 

‘ Partridge wood’, formation of, 118. 
Paunch, decomposition of cellulose, 
&c., in, 216-17. 

Paxillus acherontius, see Paxillus panu- 
oides. 

— panuoides, 141-2, 283, 285. 

Pea pods, disease of, 84. 

Peat, formation of, 239-49. 

— , — , relation of, to ensilage, 248. 
— , growth of Bhizina inflata on, 115. 
— , material forming, 240-2. 

— , rate of deposition of, 241, 248. 

— , role of cellulose and lignin in 
formation of, 206, 211, 244-9, 

. — , — micro-organisms in production 
of, 239, 244-9, 292. 

— , — suberin in formation of, 194. 
Peat bog, decomposition of vegetable 
debris in, 214, 242-8. 

Pectic acid, 11-12. 

Pectin, changes in, during retting, 
18. 

— , chemistiy and constitution or, 
11-18. 

— , decomposition of, by actino- 
mycetes, 69, 74-5, 202. 

— , — , by bacteria, 22-8, 32-8, 161- 
80, 183-5, 201, 216, 229-30, 261, 

— , — , by fungi, 22, 27, 76-94, 181-2, 
185, 202, 233, 252, 274-5. 

— , — , in cacao and coffee fermenta- 
tion, 236. 

— , — , in ensilage, 227, 229-80. 


Pectin, decomposition of, in intes- 
tine, 216-] 7. 

— , — , in manure and compost heaps, 
201 - 2 . 


— , in nature, 195. 

-, — , in preparation of starch from 
potatoes and wheat, 163, 183-5. 

— , in retting, 13, 161-4, 166, 
168-9, 172, 177-9. 

— , in rotting of fruit, 163, 185. 

— , in spontaneous heating of 
hV, _&c., 233. 

— , in wet rot of clamped potatoes, 
185. 


— . derivation of humic substances 
from, 205. 

— , ligniiied, decomposition of, in 
over-retting, 170. 

— , microbiology of, 161-85. 

— , mode of occurrence of, in flax, 


— of fibre bundles, damage to flax 
resulting from decomposition of, 
261. 

— of wood, decomposition of, 274-6. 

— , presence of, in. plants, 4. 

Pectinase, 21. 

PectinoMcter amylophilmi, 38. 

Pectinogen, 11-12. 

Peetose, 11. 

Pectosinase, 21-2, 276. 

Penicilliiom aureum, see PmicilUumpino- 
philum. 

— africanum, 100. 

— Bainieri, see Scopulariopsis repens. 

— brevicaule, see Scopulariopsis repens. 

— chrysogenum, 100. 

— cladosporoides, see Cladosporium her- 
hanm. 

— claviforme, 100-1. 

— crustaceum, see Penicilliicm expansum. 

— divaricaium, 101. 

— JDuclauxii, 101-2. 

— elongatum^ see Penicillium expansum. 

— expansum, decomposition of cellu- 
lose by, 102. 

, — hemicelluloses and pectin 

by, 86, 319. 

, — inulin by, 271-2. 

, morphology of, 86. 

— — , occurrence of, on cotton goods, 
102. 

j — j on dew-retted flax, 86, 102, 

181. 

, relationship of, to Penicillium 

glaucum and P. crustaceum, 102. 

— funiculosum, 102-3. 

— glaucum, see Penicillium expansum 
and P. Roqueforti. 

— grccnulaium, 103. 


Penicillium intricatum, 103-4. 

— lanosum, 104. 

— luieum, 104-5. 

— notatum, 105. 

— pinophilum, 105-6. 

— purp'urogenum, 106. 

— Rocqueforti, 106-7. 

— roseum, 107. 

— rugulosum, 107-8. 

— spinulosum, 108. 

— spp., decomposition of cellulose by, 
99-100, 251, 254. 

, fixation of atmospheric nitrogen 

by, 252. 

, oecuiTence of, in rotten wood, 

288. 

, — , on cotton goods, 99-100, 

261, 254. 

, — , on dew-retted fibres, 181, 

254. 

, role of, in breakdown of plant 

tissues, 77. 

— stoloniferum, 108-9. 

Peniophora gigcmtea, 117. 

— puhera, 117. 

Pentosans, see also Hemicelluloses and 
Xylan. 

— , decomposition of, by specific bac- 
teria, 41-2, 188. 

_ _ fungi, 81, 83-6, 818-19. 

— , — , in ensilage, 201, 224, 228-9, 
231. 

— , — , in manure and compost heaps, 
200-1. 

— , — , in nature, 187-8, 

— , — , in soil, 10. 

— , — , in spontaneous heating of 
hay, 232. 

— , — , in tobacco fermentation, 234. 
— , — , in wood decay, 285-6. 

— , formation of lactic acid from, 
in ensilage, 201, 228-9, 231. 

— , presence of, in protopectin, 12. 

— , — , in suberin, 10. 

— , production of power alcohol from, 
318-19. 

Pentosan content of lignin, 9-10. 

, changes in, in wood decay, 

285. 

Pentoses, accumulation of, in wood 
during decay, 286. 

— , breakdown of, by bactei’ia, 37, 42, 
177, 188. 

— , distribution of, in soils, 188. 

— , formation of, in ensilage, 224. 

— , remaining in silage, 224, 248. 
Peptones, formation of, in ensilage, 
224. 

Periconia stemonites, see Stysanus ste- 
moniies. 
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‘ Permanent acidity ’ in retting, 
170-l=^ 

Pezisa l)runnea, see Bulgaria liolumorpha. 

— confluens, see Pyronema conjluens. 

— inqninans, see Bulgaria iwhjmorpha. 

— Kaiiffmanniana, see Sderotinia sclero- 
iiorum. 

— nigra, see Bulgaria polymorpha. 

— omplialodes, see Pyronema confluens. 

— ■ polijmorpiha, see Bulgaria poly- 
morpha. 

— postima, see Sderotinia sderotiormn. 

— rhisophora, see Ehisina inflaia. 

— sderotii, see Sderotinia sclerotionmi. 

— sdarotiorum, see Sderotinia sdero- 
tiorum. 

Phaeophyceae, presence ofcellulose in, 4. 

Phallus acaulis, see Bhisina injlata. 

Phenol, addition of, to size, to pro- 
Yent mildew, 258. 

Phenols, derivation of humus from, 
206. 

Phialca sdorotiorim, see Sderotinia sdero- 
tiormn. 

Phloroglucin, action of, on ligno- 
cellulose, 8. 

Phoenix cluatylifera, liemicollulose in 
seed of, 10. 

, , decomposition of, by 

fungi, 78, 81, 92. 

Pholioia adiposa, 291, 302. 

Phosphates in retting liquor, utiliza- 
tion of, as manure, 17(i. 

Phosphorescence produced by wood- 
destroying fungi, 89, 110, 276, 

Phycohaeteriaceae, 29. 

Phycomycoies decomposing hcmicellu- 
loses and pectin, 78-82. 

Phytdephas macrocarpa, seed of, micro- 
biological decompo-sition of hemi- 
cellulose of, 41, 80, 89, 92, 318. 

Phytosterol, structural resemblance 
of, to lignin, 9. 

Picea canadensis, rate of dovelopmont 
of decay in, 296. 

— sitchensis, attack of, by Polyporus 
schminitsii, 274*, 300. 

, rate of development of decay 

in, by specific fungi, 294-6. 

Pigmentproduction in decomposition 
of cellulose, 44, 46, 52-3, 56, 58-9, 
189. 

Pine, pitch, destruction of, by .specific 
fungi, 129, 136. 

— , westeim yellow, destruction of, 
by Polyporus pionderosus, 131. 

— wood, occurrence of specific fungi 
on, 87, 117. 

Pimts monticula, destruction of, by 
Trameies pini, 300. 


Finns pondcrosa, destruction of, by 
Polyporus ponderosus, 131. 

— slrobus, destruction of, by 2Vfl- 
mdes pini, 298*. 

, rate of development of decav 

in, 294 -6. 

Plantain skins, fermentation of, 314. 

Pledasciincao decomposing cellulose, 
95-109. 

— — liemicelluloses and pectin, 
83-7. 

Plcdridium pectimvonm, decomposifion 
products of pectin in retting by, 
162. 

, relationship of, to Bac. amyh- 

hader, 37. 

— — , use of pure cultures of, in 
retting, 174. 

— type, accumulation of, in plant 
tissues, during rotting, 168. 

Pleurocysiis Fresunii, see Miwur racc- 
mosiis. 

Plcurotus ostreatus, 29:1:, 302. 

— Prometheus, 276. 

Pohjporaceao destroying wood, 120-40. 

— role of, in breakdown of vogetable 
tissues, 77. 

Polyporus abklinus, soo Folysliohw abio- 
tinus. 

— aduslus, 128-'.), 294, 802, 

— amarvs, 278*, 294, 302. 

— amorphns, 12'.), 

— anceps, 21)5, 302. 

— annosns, see Fomas anmwis. 

— applanaiiis, .see Fovm upplanatus. 

— . argyracaus, see Pd.yst.ktus vurskolor, 

• — ■ aurcolns, see Polyimras amorphus. 

— balsumms, 12i) 30, 295, 302, 308. 

— herkdeyi, 302. 

— beinlirms, 302, 

— borealis, .130, 302, 307. 

— carviims, see Traviatvs mollis. 

— dnnabarinua, seo Tranides clnnaha- 
rina. 

— ciromatiis, 302. 

— coniigims, .sou Tramdos serialis. 

— dustrndiir, 131, 

— (liyadeiis, scm> Fames applunaius. 

— ellisiamts, 296. 

■ — Jlahellifonnis, .see Polyporus sfpiarmmtB. 

-—fomcintarius, h(;o Fomas fomeniarius. 

— ■ giganteus, soo Polyporus .sepiamosns. 

— gutiulatus, 302. 

— incertus, soo Polyporus vaporarius. 

— merismokios, soo Fornes applanalus. 

— - nigrioans, soo PolysUdus versicolor, 

nilidus, seo Polyporus amorphus. 

— odoratus, seo Tramdes odarata, 

— officinalis, see Fomas larkis, 

— pilotae, 296. 
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Pohjporus pinicola, see Fames pinicola. 

— ponderosus, 131. 

• — resinosus, Kostkovius, .see J’omes 
annosiis. 

— — , Schrader, 302. 

— roltiniophilus, 302. 

— roseo-poris, see Polyporus amorphus. 

— roscus, see Fames roseus. 

— scalaris et frustulaius, see Tmmetes 
serialis. 

— iSchiveinitsiii, area of attack of, in 
■wood, 300. 

• — — , diagnostic characters of, in 
wood, 302, 

j on potato dextrose agar, 

308. 

, exudation of liquid by, 281,321. 

, penetration of cell walls of 

wood tissues by, 274*. 

, production of brown rot by, 

276, 295, 302. 

, rate of development of decay 

by, 296. 

— scotmis, see Fames annosus. 

— serialis, see Tmmetes serialis. 

— serpentarius, see Fames annasiis. 

— sqitamasus, 131-2, 302. 

— stereoides et radiatus, see Polysiictus 
verskalar. 

— stiplicus, see also Palystictiis stipUcus. 
, rate of development of decay 

by, 295. 

— subacidus, 132, 303, 307. 

— subpileatus, see Fames annasiis. 

— sulphureus, on potato-dextrose agar, 
133, 295, 302, 308, 321. 

— Tadari, see Pahjporns sulphureus. 

— vaiUiantii, 134, 277. 
vaporarius, 134, 277, 280, 282. 

— versicalor, see Palystictiis versicolor. 

— volvatus, 134-6. 

— sonatus, see Palystictiis versicolor, 
Palystictiis abietinus, 129, 135, 303, 307. 

— hirsutus, 303. 

— pergamenus, lB5-Q, 303. 

— stipticus, 136, 296. 

— TOrsiGoZor, 136-7, 295, 303, 307. 
Poplar, attack of, by fungi, 118, 122. 

— , yellow, occurrence of Torula ligni- 

perda on, 148. 

Populus tremuloides, destruction of, by 
Fames igniarius, 300. 

, i-ate of development of decay 

in, by specific fungi, 294-5. 

Poria argentia, see Polyporus adustus. 

— airosporia, 137. 

— incrassata, 137-8, 282-3, 303. 

— laevigata, 303. 

— subacida, see Polyporus subacidus. 

— vaporaria, see Polyporlis vaporarius. 


Potassium acetate, fermentation of, 
316. 

Potato, action of pectin decomposers 
on, 36, 183-5. 

, — Clostridium polymyxa on pre- 
parations of, 36. 

— agar, preparation of, 48. ' 

— , clamped, wet rot ofj 186. 

— , decaying, isolation of Bac. aceto- 
ethylicus from, 212. 

> > oceuiTence of Aspergillus fmni- 
gaius on, 83. 

agar, preparation of, 

304-5. 

> preparation of starch from, by 
fermentation of pectin, 183-5. 

— scab, 75. 

— , white rot of, 33. 

Power alcohol, see Ethyl alcohol. 
Propionic acid, production of, in 
ensilage, 229. 

— , — ) — > in fermentation of cellu- 
lose, 58. 

Proteins, deeompo.sition of, in en- 
silage, 224, 227. 

} ? in tobacco fermentation, 234. 

) i^^aflfected in spontaneous heating 
of hay, 232. 

Protopectin, 11-13. 

Pseudosarcina, fermentation of organic 
salts by, 316. 

Pteropus medius, intestinal flora and 
digestion in, 215. 

Puccinia rosea, see Trichothecium roseuni. 
Pulp, wood, chemical changes in, 
resulting from decay, 285. 

— , ■ — , decomposition of, by fungi, 
130,, 135, 138, 142, 150, 285, 

288-9. 

— , — , discoloration of, by fungi, 
288-9. 

— , — , — , prepared from decayed 
wood, 287-8. 

— , ■ — , effect of rotten, on paper made 
from, 287. 

— , — , — swelling reagents on, 
263. 

— , — , fermentation of, to give com- 
bustible gases, 314. 

— , — , yield of, from decayed wood, 
286-7. 

Pyrenochaeta Immicola, 143. 
Pyrenomycetiineae decomposing cellu- 
lose and lignin, 109-12. 

— — hemicelluloses and pectin, 
88-9. 

Pyrogallic acid, nature of humus 
derived from, 206. 

Pyronema conjluens, 113. 

— Mariamm, see Pyronema conjluens. 
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Fyronema omphalodes, see Pyronema 
confliiens. 

Pyronemaceae decomposing . cellulose, 
113. 

Q. 

Quermsspp., destruction of, by Stereum 
suhpileatum, 119. ■ _ 

Quinone, pi’oduction of, by aetino- 
mycetes, 70, 209. 

R. 

Ramie, retting of, 178, 183, 

Ray fungi, see Actinomycetes. 

Red gum tree, occurrence of Polyponis 
adiistus on, 128. 

Reductases, activity of, in sponta- 
neous heating of hay, &o., 231. 

— , production of, by fungi attacking 
fibres and fabrics, 253. 

Resins, effect of, on rate of decay of 
wood, 292. 

— , gum-, 6. 

— , presence of, in heartwood, 276. 

— , remaining, in peat and coal form- 
ation, 246. 

Retting, aerobic, 163, 178-83. 

— , anaerobic, 163-78. 

— , biological stage of, 1 64, 166-72. 

— , by Sac. amylobacier, 18-19, 22, 
167-9, 174, 178-9, 

— , by Baa. commi, 83, 178-80. 

— , by Sac. felsineus, 167, 174-5. 

^ — , by Carbone process, 167, 174-6, 
180. 

— , by Kayser and Delaval’s organ- 
isms, 177-8. 

— , by Ochmann process, 176, 

— , by pure cultures of bacteria, 174. 
— , by Rossi process, 178-80. 

— , change of water during, 173, 
176-8. 

— , decomposition of cellulose in, 
171-2. 

— , — pectin in, 13, 161-4, 166, 168-9, 
172, 177-9. 

— , development of anaerobic forms 
in aerobic, 179. 

— , dew-, by fungi, 79, 81, 86, 93, 
180-2, 270. 

— , — , I'ole of aerobic bacteria in, 
182. 

— , discoloration of fibres in, 173, 
175. 

— , eaidy history of, 163-4. 

— , effect of, on subsequent decay of 
fibres, 269-70. 

— j factors influencing chemical 
changes during, 177. 


Retting, influence of pancreatic ex- 
ti'act and sodium bicarbonate on, 
175-6. 

— , — temperature on I'ate of, 173. 

— , mechanical stage of, 165, 172. 

— , odours produced during, 171-2, 
175-6. 

— , physical stage of, 164-6. 

— , production of acidity during, 167, 
169-71* 173, 177-80. 

— , removal of decomposition pro(i',icts 
during, 176. 

— , supply of oxygen during anaerobic, 
173, 176, 178-9. 

— , time required for, 172-3. 

— , warm water, 173-80. 

— , in rivers, 164, 172. 

— liquors, disposal of, 176. 

, isolation of pectin decomposers 

from, 37. 

, odour of, 176. 

— — , organisms developing in, 
166. 

— organisms, entry of, into iflant 
tissues, 165-6. 

— water, colour of, 166. 

Bhizina injlata, 115. 

— laevigata, see BMzina inflata. 

— undnlata, see RMsina inflata. 
Bhizinaceae decomposing cellulose and 

lignin, 115. 

Rhizomorphs of Marulius lacrymana, 
128, 282*. 

— of Polyporus vaporarim, 282. 

— of Poria incramiia, 138. 

BhizopuH chinensis, 82. 

— mitnmponis, 82. 

— nigricana, see linear dalonifor. 

— spp., mildewing of cotton goods by, 
251, 264. 

, pectin-decomposing properties 

of, 82. 

Ripening of fruits, changes in pectin 
during, 11. 

Rossi retting process, hoo Retting. 
Rot, m) alfto Timber, Wood, Fungi, Sco, 
— , boll, of cotton, 259, 

— , diy, see Merulvm laerymam. 

— , grey, of wood, m‘. Rots, white. 

— of fruit, destruction of pectin in, 
163, 186. 

— of wood, identification of typos of, 
276. 

, incipient stage, of, 276-7. 

, typical stage of, 276- 8. 

— , white, of potato and Jerusalem 
artichoke, 83. 

Rots, brown, of wood, 116, 128, 126-9, 
181, 183-4, 137-9, 141, 278*, 294-6, 
801-3. 
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Rots, brown, of wood, destruction of 
cellulose in, 297. 

— , heart of Abies balsamea, 306-8. 

— , of mine timber, 134, 136, 139-40, 
277-8, 280, 292. 

— , red, of wood, see Rots, brown. 

— , ring scale, or brown cubical, see 
also Rots, brown, 278*. 

— , white, of wood, 22, 111-12, 114, 
117-19, 121-2, 129, 131-2, 134-6, 
1^0, 142, 149, 276+, 294-5, 801-3. 
— , — , — , effect of, on lignin and cel- 
lulose content, 288, 297. 

— , — , — , first symptoms of, 276*. 
Rumex acetosella, use of, as substratum 
in dew- retting, 181. 

Ruminants, decomposition of cellu- 
lose, (Sec., in intestine of, 216. 
Ruscus aculeatus, action of fungus on 
hemicellulose of, 78. 

Russula spp., occurrence of Blastoiri- 
chum puccinioides on, 147. 

Ruistroemia homocarpa, see Sderotinia 
sclerotiorum. 

Rye straw, action of Aspergillus fumi- 
gaius on, 97. 


S. 

Saccharomyces ellipsoideus, addition of, 
to cultures of Bac. felsineus, in ret- 
ting, 167, 175. 

— thoobromae, 236. 

Sakd, 85. 

Salicylic, acid, addition of, to size, to 
pi’event mildew, 258. 

Saliva, action of, on cellulose, 216. 

Sawdust, growth of Ehizina injlata on, 
115. 

Sceptromyces opizii, see Aspergillus niger. 

Schizomycetes, see also Bacteria. 

— , classification of, 28-31. 

Schisophyllum commune, 142. 

Schweizer’s reagent, action of, on 
cellulose, 7-8. 

, — , on damaged cotton hairs, 

267, 263. 

- — — , — , on gums, 13. 

— — , swelling of hairs and fibres 
by, 270. 

Sderotinia Fuckeliana, decomposition of 
cellulose by, 113, 181. 

— — , — hemiceliuloses and pectin 
by, 89. 

, morphology of, 89-90. 

, occurrence of, on dew-retted 

fibres, 181. 

— Libertiana, see Sderotinia sderoiiorum. 

— sderoiiorum, 90-1. 
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Scopulariopsis coynmunis, see Scopulari- 
opsis repens. 

— repeals, 109. 

Sea water*, decay of fabrics in, 259, 
261. 

, decomposition of hemicellu- 

loses in, 187. 

Sewage deposits, action of organisms 
of, on gums, 32. 

— works, decomposition of cellulose 
in, 214. 

Silage, acidity (and acids) of, 228. 

— , alkali solubility of, 224-5. 

— , composition of, 224, 231. 

— , decomposition of hemiceliuloses 
in preparation of, 201, 222, 224, 228- 
31. 

— , — sugars and starch in prepara- 
tion of, 224, 229, 231. 

— , formation of lactic acid in pre- 
paration of, 201, 228-9, 231. 

— , nitrogen content of,' 224. 

— , production of pentoses, alcohols, 
and acetone in, 224, 226-9, 231. 

— , rise in temperature in preparation 
of, 227, 230. 

— , role of enzymes in preparation of, 
225-7. 

— , types of, 223. 

— fermentation, resemblance of cacao 
fermentation to, 237. 

Sistotr&nia sulphureum, see Polyporus 
sulphurous. 

Size, addition of antiseptics to, 268. 

— and mildew, 253. 

Sodium bicarbonate, use of, in retting, 
175-6. 

— butyrate, fermentation of, 316. 

— fluoi'ide, use of, in sterilizing fibre 
plants, 178. 

Soil, accumulation of pentosans in, 10. 
— , acidity and microfiora of, 207-8. 
— , decomposition of cellulose in, 
16-17, 44, 50-2, 60, 70-4, 76-7, 97, 
100, 106, 143, 149, 155, 196, 204, 
207-12. 

— , — green manure in, 195. 

— , — hemiceliuloses in, 1 87, 207-9, 
212-13. 

— , denitrification and cellulose de- 
composition in, 61-2, 211. 

— organisms, action of, on gums, 32. 

— — , development of, in retting 
liquors, 167. 

— , presence of Bac. amylobacter in, 201. 
— , — pectin decomposers in, 36. 

— , — saprophytic actinomycetes in, 
67, 70. 

— , — thermophilic cellulose decom- 
posers in, 60. 
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Soil, relative importance of bacteria 
and fungi in, 76, 207-8. 

Sordaria htimicola, 109, 

Sordai-iaceae, 109. 

Soredosidora graminis, see Stemphyliuni 
gramlnis. 

Soya beans, growth of Aspergillus 
Wentii on, 85. 

Spliaeria Ucolor, see Hypoxylon cocci- 
neum. 

— ciimaharina, see Neclria cinnaharina, 

— cornuta, see Xylaria hypoxylon. 

— digitata, see JHylaria pohjmorpha. 

— fragiformis, see Hypoxylon coccineum. 

— hypoxylon, see Xylaria hypoxylon. 

— lateritia, see Hypoxylon coccineum. 

— lycnpKvdoides, see Hypoxylon cocd- 
neimi. 

— piohpnorpha, see Xylaria pohjmorpha. 

— radians, see Hypoxylon coccineum. 

— ramosa, see Xylaria hypoxylon. 

— ruhra, see Hypoxylon coccineum. 

— iuhereulosa, see Hypoxylon coccineum. 

Sphaerioideaceae destroying cellulose, 

142. 

Hphaeropsidalea destroying cellulose, 
142. 

Spicaria elegans. var. Jlava, 145-6, 
289-91. 

— simpUcksima, 146, 

Spirillaceae, 29. 

Spirochaeta cytophaga, formation of 
humic substances by addition of, 
to straw, 197. 

— — , isolation, moi’phology. and 
physiology of, lO"”, 44-6. 

, properties of pigment pr-oduced 

by, 189. 

, relationship of, to other cellu- 
lose decomposers, 44, 46, 214, 261. 

Sporidesmium aspcrum, see Hicoccim 
asperum. 

Sporoiricha homhycina, see Sporoirichum 
homhycinum. 

Sporoirichum hombycinum, 144. 

— chartaceim, see Tonda charkmm. 

— genus, 149. 

— griseohm, 144. 

— roseolum, 144. 

Spruce, decay of, loss in manufacture 
through, 287. 

— , rate of development of fungal 
decay in, 294-6. 

SlaeMjhotrys cdternans, 147. 

— atra, 148, 289-92. 

— spp., 148, 254. 

Stachijlidhm Bassicmuni, see Boiryth 
Bassiana. 

— sceptnm, see Aspergillus niger. 

Starch agar, 48. 


Starch, decomposition of, by fungi, 
77, 252. 

— , — , in ensilage, 224, 281. 

— , — , in tobacco fermentation, 234. 
— , effect of presence of, on mildew- 
ing, 252-3. 

— , fermentation of, - by Bdc. amylo- 
bacter, 87, 162-3. 

— , — , by Bac. felsineus, 185. 

— , nutritive value of cellulose and, 
217. ^ 

— of potatoes, liberation of, by pectin 
decomposers, 36, 183-5. 

— , preparation of, by Ihrmentation 
of pectin, 183-5. 

Stemphylmm botryosum, 161. 

— •” — , var. domesiicum, destruction of 
papei' by, 151, 289-91. 

— graminis, 151,289-91. 

— macrosporokleum, 161-2, 289-91, 

— p)iriformc, 152, 289-91. 

— .spp., 162, 255, 288. 

— verniculosum, destruction of paper 
by, 152, 289-91. 

Stereum frushdosum, 117-18. 

— hirsuium, 118, 137, 

— purpureum, 118-19. 

— sangumolenium, 1 19, 283, 293, 

— suhpikaUim, 1 19-20. 

— .sulcatum, 295, 808. 

— iabuciman, see Coniophora iahacina. 
SlerigmnfocysUs untucustica, see As 2 )er- 

gillus niger. 

— nididans, see A.spergillus nklnlans. 

— niger, see Aspergillus 'niger. 

Stilbaceae, docom 2 )osiug cellulose, 

164-6. 

SUlbo.s 2 )oru clmrkmim, see Torula char- 
iarum. 

Sti-aw, see cdso Lignocellulose. 

— , decomposition of, Ijy micro- 
organisms, 70, 149, 196-201. 

— , — , in manure and compost heaps, 
70, 196-205. 

■ — , — , in soil, 211. 

— , — , pentosans of, hy fungi, 88, 319. 
— , nutritive value of, 217. 

— , production of combustible gases 
by fermentation of, 814. 
Slrepioihrieene, 66. 

Sirepiothriv, 66. 

— chalceae, see Actinumyces chakcae. 

— Foersteri, 66. 

Stromatospjhae'ria fragiformis, see Hypo- 
xylon coccineum, 

Stysamis spp,, 155, 266. 

— stemonites, 164-6, 290--1. 

Suberin, 10, 192, 194, 242. 

Succinic acid, formation ol^ in retting, 

177. 



Sugars, see also Glucose, &c. 

— , production of, by wood-destroy- 
ing fungi, 133, 321. 

— , — , in retting, 177. 

— , — , from cellulose dextrins, by 
eellulase, 21. 

Sulphuretted hydrogen, production 
of, in fermentation of cellulose, 
60-1. 

Sweet potato, destruction of middle 
lanj^ellae of cells of, 81. 

Swelling reagents, action of, on 
damaged fibres, 257, 262-3, 270. 

— test, application of, to tank- and 
dew-retted flax fibres, 260. 

, criticisms of, 266. 

, description of, 263-4*. 

, utilization ol^ 264-9, 

Symbiosis of denitrifying and cellu- 
lose-decomposing bacteria, 61, 211. 

— of nitrogen-fixing and cellulose- 
decomposing bacteria, 43. 

T. 

Taka-diasta&e, 85. 

Tan bark, organisms from, ferment- 
ing gum acacia, 31. 

Tannin, effect of, on alcohol fermen- 
tation of vegetable debris, 318. 

— of gum tragasol, 31. 

— , presence of, in heartwood, 276. 

— removal ot; from flax, in retting, 
164. 

— , — , in cacao fermentation, 286. 

‘ Tas Gu ’, preparation of, 85. 
‘Tendering’ of fibres and fabrics by 
acids, light, and micro-oi-ganisms, 
257-63, 

, detection of, by alkali solu- 
bility, 266-6. 

Tensile strengtli, loss of, in damaged 
fibres, 257, 260, 265. 

ThamnkUuin elegans, 82, 181. 

— van TiegheniH, see Thamiddmmelegans. 
Thelephora evolvens, see Coriidum evolvens. 
— ferntginea, see Coniopliom iahacina. 

— fimhriata, see Pcntophnra giganiea. 

— frushilosa, see Stereum frusluhsum. 

— gigantea, see PeniopJwra gigantea. ■ 

T— Mrsuia, see Slereum Mrsuium. 

— Mrsuia , see Stereum sanguinolmtum. 

— papyracea, see Stereum Mrsutum. 

— pergamena, see Peniophora giganiea. 

— pubera, see Peniophora pubera. 

— puteanea, see Goniophora cerebella. 

— purpurea, see Stereum purpureum. 

— sangiiimlenta, see Stereum sanguino- 
lentum. 

— serkea /8, see Stereum sanguino~ 
lentum. 


Thelephora simians, see Stereum frustu- 
losuni. 

— tabaeina, see Coniopliora tahacina, 

— variegata, see Goniophora tabaeina. 

Thelephoraeeae destroying wood, 115- 

20. 

Thenmascus aurantiaous, 233. 

Thermoidimn siilphuretmi, 233. 

Thiobacieriaceae, 29. 

Thiocyanates, action of, On cellulose, 
7, 270. 

Tilia americana, rate of development of 
fungal decay in, 294. 

Timber, see Wood. 

‘Tinder fungus’, see Fames fomen- 
tarius. 

Tobacco, fermentation of, 234-6. 

— , growth of micro-organisms on, 
83, 235. 

Torula chartarum, destruction of paper 
by, 148, 289-91. 

— ligniptrda, 148-9, 

— spp., 149, 166. 

Tragacaiith, see Gum tragacanth. 

Tragasol, see Gum tragasol. 

Trameies carnea, 138, 295, 303. 

— cinnalarina, 138. 

— isahclKna, 308. 

— malicola, 303. 

— mollis, 138-9. 

— odorata, 139. 

— pini, (Brotero) Fries, area of attack 
of, in wood, 800. 

, , bore-holes produced by, 

in cell walls of wood, 298*. 

, , destruction of consti- 
tuents of wood by, 198, 276*, 283, 
286. 

— — , — — , diagnostic characters 
of, in wood, 303. 

, , , on potato-dextrose 

agar, 308. 

, , effect on yield of pulp of 

wood rot by, 2S6. 

^ j production of white rot 

by, 276*, 295, 297-8, 303. 

, , rate of development of 

decay in wood by, 295. 

, Fuckel, see Fames pinicola. 

— protracta, 303. 

— radidperda, see Fames annosus. 

~r serialis, 139-40, 295, 303. 

Tremella agaricoides, see Bulgaria poly- 

morpha. 

— meteorica, 65. 

Ti'ichocladium asperum, see JDicocemn 
aspenm. 

Trichoderma Koningii, 143, 209. 

— spp., 148. 

Trichosporium spp., 149. 
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Trichothecium domesticum, 92. 

— rosmm, 92, 146-7, 289-91. 

— siMutescens, 92. 

T'dhercularia vulgaris, see Neciria cinna- 
barina. 

Turpentine odour, produced by Len- 
tinus lepidms in wood, 141. 

U. 

Ulmins, see Humus. 

Uredineae, 77. 

Urocephaluin, 18, 36. 

Urocladiuin botrytis, see Simnphyliutn 
boiryosum. 

Urtica, retting of, 183. 

Ustilagineae, 77. 

V. 

Yaleric acid, formation of, in cellu- 
lose fermentation by Bac. fossicu- 
larum, 68 . 

, — , in pectin decomposition, in 

retting, 161. 

Valsa digiiaia, see Xylaria hypoxylmi. 

— clavaia, see Xylaria polymorpha, 

— vagi/ormis, see Hypozylon coccineum. 
Vanillin, 8, 125. 

Yaseulose, see Lignocellulose. 
Vegetable ivory, see BhyLelephas macro- 
carpa. 

Ventilation and decay of cotton in 
storage, 270. 

Vertioillitm latericium, 140. 

Vibrio of Mitschorlicli, 18. 

Vibrion huiyrique, identity of, with Bac. 
amylobacter, 36, 

— rugula, 36. 

Viscose, fermentation of, by thei’mo- 
philic bacteria, 60, 

— , nature of, S.'- 

W-,, 

Water, debomposition of cellulose and 
hemicellulose under, 21.S-14. 
Wheat, preparation of starch from, 
by fermentation of pectin, 184. 
Willesden ti-eatment of fabrics, 271. 
Will-o’-the-wisp, 213. 

Wood, see also Eot, Fungi, &c. 

— , action of sap stain fungi on, 276, 
283-4, 288. 

— , aeroplane, discoloration and decay 
of, 118, 128, 296, 

— , area of fungal attack in, 300, 

— , chemical changes in, through 
decay, 278, 283-6. 

— , cultural study of decay of, 304-8. 


Wood, decay of, by fungi, 76-8, 88-9, 
111-12, 114-42, 148-9, 193, 246-7, 
274*-6^'‘-8'''-98‘^-9*-308. 

— , — , incipient stage of, 276-7. 

— , — , role of lower fungi in, 274, 
288. 

— , — , typical stage of, 276-7, 278*. 
— , decomposition of, by cellulose- 
decomposing bacteria, 274-5. 

— , density of, and resistance to 
fungal decay, 276. 

— , diagnosis of decay in, 296-^b8. 

— , diagnostic characters of fungi in 
decayed, 301-3. 

— , discoloration of, in decay, 296. 

' — , effect of ligniiication of, on rate of 
decay, 292. 

— , fibres of, application of swelling 
test to, 265. 

— , financial losses through, decay of, 
280. 

— , formation of humic compounds 
from, 206, 209. 

— , — peat and coal from, 240-8, 
246. 

— , heart, attack of, by fungi, 276. 

— , — , resistant properties of, to decay, 
276. 

— in mines, see Mines and Rots. 

— , inferiority of decayed, for manu- 
facturing purposes, 286-8. 

— , influenco of decay on texture of, 
297. 

— , — moisture on decay of, 279, 296. 
— , lignin content of, effect of decay 
on, 284-6. 

— , macroscopic changes in, in decay, 
276-8, 281-8, 288, 294-7, 301-3. 

— , microscopic clianges in, in decay, 
297-303. 

— , nutritive value of cellulose of, 217. 

occurrence of myxobacteria on 
'■ decaying, 62. 

— , perforation of coll walls of, by 
fungi, 274*-6, 297~8*-9 ’-808. 

— , phosphoi’escence of, due to fungi, 
89, 140, 276. 

pulp, see Pulp. 

— , rate of decay of, 292-6. 

__ — ^ by fungi, increased by 
presence of bacteria, 276, 298. 

— , — — , factors affecting, 278, 
292-8. 

— , ' — development of decay of, 294-6. 
— , sap, attack of, by fungi, 276-6. 

— spring, liability of, to fungal 
attack, 276-6, 278. 

— , staining of, to show attack, 299- 
800. 

— , storage of and decay, 279-80. 
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Wood, susceptibility of, to infection, 

2 / 8 , 

— . zone lines in decayed, 276*-7. 
294, 297, 300-3. 

X. 

speetrography of cellulose, 7, 

272, 

Xylan, see also Hemicelluloses and 
Pentosans. 

— , decomposition of, and rise in tem- 
perature, 199. 

—V—) by bacteria, 41-2, 188, 199, 200, 

j ) by cellulose - decomposing 
bacteria, 200. 

— , — , by fungi, 127, 318-19. 

— ) — , in intestine, 42. 

, formation of lactic acid in decom- 
position of, 321. 

— , microbiological conversion of, into 
ethyl alcohol, 318. 

— , occurrence of, in lignified tissues, 
10 . ^ ' 
^ylaria clavata, see JZylaria polymorpha. 

— digitata, see J^ylaria hypoxylon. 

— hypoxylon, 88-9, 112, 286. . 

— polymorpha, 112, 276*, 303. 

— spp., action of, on hemicelluloses, 

on ^ 


Zylariaceae decomposing cellulose and 
lignin, 111-12. 

hemicelluloses and pectin, 88-9. 

Xylomyxon destruens, see Mtrulius lacry- 
mans. 

Xylose, convei'sion of xylan into, 187. 

— , effect of, on cellulose decomposi- 
tion by Microspira agar-liquefaciens, 

— , fermentation of, by Bac. aceto- 
ethylicus, 212. 

Y. 

Yeast, Chinese, 80. 

— , occurrence and action of, in cacao 
fermentation, 236-7. 

— , occurrence of, in silage, 226, 231. 

— , — , on dew-retted fibres,' 182. 

Z. 

Zmiodochus ligniperda, see Torula ligni- 
perda. 

Zinc chloride, addition of, to size, to 
prevent mildew, 258. 

Zone lines, formation of, in rot of 
wood, 276*-7, 294, 297, 300-3. 

Zones, enzymatic, formation of, on 
cellulose agar, 48-9. 

Zygomycetales decomposing hemicellu- 
loses and pectin, 78-82. 
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